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Purchasing Coal by Specification. 


It is gratifying to learn that good progress is 
being made by the United States Government in 
purchasing coal according to its value as deter- 
mined in the laboratories of the Geological Sur- 
vey. When the Government began to buy coal 
in this manner, great opposition was encountered, 


so much so that in some cities it was practically 


out of the question to secure any bids under 
specifications calling for deliveries agreeing with 
samples submitted by the bidders and paid for in 
accordance with the heat-unit and other properties 
of the fuel actually delivered. Experience has 
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shown that after dealers once become acquainted 
with this method of making sales their fear of it 
passes away, and occasionally one of them is 
frank enough to say that the method is actually 
of help to them in furnishing information con- 
cerning the products they are handling and in the 
degree of uniformity secured by it. The method 
is really a great advantage to the Government, as 
the latter maintains public buildings all over the 
country and pays déut an enormous sum annually 
for coal bills. In fact, probably no single interest 
purchases fuel over such a wide extent of terri- 
tory, and consequently the investigations being 
conducted to determine the value of coal in all 
parts of the country are of specially direct ben- 
efit to the Government as a large purchaser. For 
this reason alone the research work done by the 
fuel-testing laboratory is fully warranted, while 
the fact that all of the results obtained are made 


public, so they can be obtained by anyone adds . 


greatly to their importance. The Government is 
now buying 400,000 tons for use on the Isthmus 


‘of Panama alone, which is some indication of the 


extent of its purchases. 


While the primary purpose of these investiga- 
tions is to collect representative samples from the 
various coal fields of the country and to analyze 
and test these samples so the quality of the vari- 
ous grades of coal may be definitely known, other 
results of the work are almost as important. At 
the present time an enormous amount of coal is 
practically wasted, for one reason or another, be- 
tween the mines and the cinder pits. The Goy- 
ernment engineers and chemists are making a 
careful study of the nature and extent of all 
these wastes and already have furnished inter- 
esting information on the subject. In connection 
with this work attention is being paid to methods 
of utilizing low-grade fuel, such as lignite, peat, 
slack, washery refuse, and culm. In some sec- 
tions of the country there is an abundance of 
these low-grade fuels, but they have not been 
employed to any extent, except in an unsatisfac- 
tory and very wasteful manner, and fuel has been 
brought into these places at high expense for 
freight. There are good reasons for believing 
that for many purposes some of these low-grade 
fuels can be’ employed satisfactorily, at a material 
reduction below the present prevailing prices, for 
generating steam or heating with fuel from dis- 
tant fields, A secondary feature of the investiga- 
tion which is attracting considerable attention is 
the success attending the endeavors to abate 
smoke. This work is the endeavor to obtain in- 
creased efficiency when burning coal, but it ap- 
peals personally to the people of so many com- 
munities that it probably is attracting more -at- 
tention than the technical research of greater 
actual importance. 


A feature of the investigation that is being 
followed with considerable interest by many users 
of small power plants relates to the utilization of 
low-grade fuels in producers. The manufacturers 
of suction-producer plants have been paying much 
attention to this subject and have accomplished 
creditable results in many cases. Unfortunately, 
however, for the rapid progress in the art, plants 
of this sort have been entrusted frequently to the 
care of men who fail to appreciate the importance 
of looking after them properly. As a result, 
while the producers have generally operated sat- 
isfactorily, the gas from them has often proved 
hard on the engines and the operation of the lat- 
ter has been unsatisfactory. The explanation for 
this is that the engines have not been properly 
cleaned, a fact that the owners have generally 
been unwilling to admit, or are not sufficiently 
educated technically to recognize. Their troubles 
have been ascribed by them to defective equip- 
ments, which may have been the case in a few 
instances, but probably would not hold in the ma- 
jority. These owners have hurt the progress of 
small producer plants in popular favor by state- 
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ments concerning their own unfortunate expe- 
rience. The assertions of the manufacturers of 
such apparatus have accordingly, in many cases, 
been attributed to an unwarranted belief in what 
can be done by such plants. The fuel-testing lab- 
oratories of the Government have shown, how- 
ever, by many tests under actual working condi- 
tions that low-grade fuel from many different 
parts of the country can be employed in pro- 
ducers very satisfactorily without causing injury 
to the engines using the gas. These tests made 
by the Government are absolutely impartial, and 
the fact that those directing them conclude that 
the producer is actually better than a steam boiler 
for utilizing some of these fuels should go a long 
way toward convincing the public of the merits 
of small gas-producer plants when looked after 
with the same care as steam plants. 

A great deal still remains to be learned con- 
cerning these small suction-producers, particularly 
when working on low-grade fuels, and-the man- 
agement of engines operating on such gas is not 
properly understood by those who have used only 
a gas that is fairly free from tarry matters. As 
the work of the Government and private parties 
furnishes additional information it is reasonable 
to expect that the present prejudice against small 
plants will disappear, and a new and extensive 
use will be found for some classes of fuel that 
are at present ranked as hardly worth using. The 
demand for good coals is now so extensive and 
growing so rapidly that anything which will in- 
crease our knowledge of the utilization of the 
poorer grades deserves hearty support. While 
the Government, as a purchaser of fuel, gains di- 
rectly by these investigations, the gain to the pub- 
lic is so great that the work should receive gen- 
eral encouragement. 


The Preliminary Treatment of Clay-Bearing 
River Waters. 


In purifying water in America there have been 
two different and widely separated types of ap- 
paratus. One of these is the sand filter, in which 
the passage of water through sand, at a com- 
paratively low rate, has been mainly relied on 
for the purification; the other is the so-called 
mechanical filter, in which the chemical treat- 
ment of the water prior to filtration has been the 
main reliance, this treatment serving to change 
the nature of the finely-divided particles in the 
water so as to bring them together into aggre- 
gates in order that they can be easily and com- 
pletely removed at a higher rate and through a 
coarser filtering material. In the last twenty years 


“a large part of the discussion of filtration has 


been directed to the relative merits of these two 
general types, and of their respective availability 
under various conditions. 

At the beginning sand filters only were con- 
sidered. Filters of this type had been developed 
in Europe, where they had been widely used in 
treating river waters for municipal use, with re- 
sults that had generally been favorable. The 
first plants built for the purification of American 
waters followed European precedent, dependence 
for purification being placed mainly on the slow 
passage of the water through the sand. Before 
the application of this process had gone very far, 
however, it was found by practical experience that 
the clay-bearing waters of many western and 
southern streams could not be adequately puri- 
fied in this way. 

What was known in a practical way by a num- 
ber of people at a comparatively early date re- 
garding the purification of such waters was ex- 
plained and made certain by the classical experi- 
ments of Mr. George W. Fuller, at Louisville, 
in 1895-6, and at Cincinnati, in 1898. Since the 
publication of the results of these experiments 
there has been no question of the general fact 
that methods of purification previously used in 
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treating European waters, and some of the waters 
of northern and eastern States of this country, 
which were not clay-bearing, could not be ap- 
plied to the clay-bearing waters of the West and 
South. On the other hand, there has been: a 
strong, wide-spread and persistent prejudice 
against the chemical treatment of water. It is 
called a prejudice, because there is no real reason 
to believe that water which has had a proper 
chemical treatment is less wholesome in any way 
than water that has not been so treated. 


The recognition of the fact that sand filters, 
following European practice as then developed, 
were incapable of treating many waters that re- 
quired purification, led to numerous and per- 
sistent efforts to so modify, amend or correct 
the process as to make it applicable to those 
waters. In these efforts the effect of the preju- 
dice against chemical treatment had much to do. 
Mr. Fuller found at Cincinnati that water which 
carried only a little clay could be successfully 
purified by sand filtration, while with a larger 
amount satisfactory results could not be ob- 
tained. Consideration was then given to the re- 
moval of some of the clay before sending the 
water to the filter, with the idea of reducing the 
amount of clay within the limits which Mr. Ful- 
ler had determined could be taken care of by the 
latter. 

This certainly seemed like a promising proposi- 
tion, and it has been followed consistently. Scrub- 
bers and preliminary filters have been advocated, 
experimented with and built at great expense to 
remove some of the suspended matter from 
waters that were afterward to be passed through 
sand ‘filters. Unfortunately the desired results 
have not followed this treatment, for the very 
simple reason that the matters which are re- 
moved by the scrubbers and preliminary filters 
are the coarse-grained part of the turbidity, 
forming a part of the matters which would be 
removed by the filter without question in any 
case, while the finest-grained particles, which the 
filter is unable to remove, are not stopped in any 
appreciable degree by the scrubbers and prelimi- 
nary filters. It is true that the whole amount of 
sediment is reduced, but the troublesome part of 
it is not reduced in proportion. The limits which 
Mr. Fuller found for the amount of turbidity that 
could be removed by his experimental sand filters 
are those that could be applied only to the par- 
ticular conditions under which the experiments 
were made. For that reason, therefore, they are 
not general limits. 

The question as to whether a sufficient purifica- 
tion of a clay-bearing water can be obtained by 


sand filters depends more on the character than» 


on the amount of the turbidity. To put this more 
accurately, perhaps, the success of the process de- 
pends on whether or not there is a considerable 
quantity of suspended matter of such fine-grained 
size that it is capable of passing through all the 
scrubbers and preliminary filters and final sand 
filters that may be put in its way. This fine- 
grained turbidity is easily and completely re- 
moved by chemical treatment, because the chemi- 
cal serves to coagulate it. In other words, it 
draws the separated minute particles into groups 
or aggregates, which, because of their greater 
size, are easily and completely removed by filtra- 
tion. 

The project for the Washington filters, as rec- 
ommended in 1901, was novel in that it com- 
bined some of the features of both systems of 
filtration which had previously been discussed and 
used. It was proposed to build sand filters, since 
in that way the greater certainty of purification, 
as compared with results from the mechanical fil- 
ters which had been used in this country up to 
that time, was to be obtained. During at least 
eleven months of the year, when the Potomac 
water is not very turbid, the results obtained by 
the sand filters would also be sufficient. During 
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these eleven months the very considerable ex- 
pense of coagulant, necessary with the other sys- 
tem of filtration, would be saved. During the 
other month, when the Potomac water was in- 
capable of adequate purification by sand filters 
alone, the water was to be given a chemical treat- 
ment. In that way, and only in that way, could 
full purification be obtained at all times. The 
project was adopted in part as the sand filters 
were built, but the chemical treatment, which was 
a necessary part of the plans, was excluded be- 
cause of the prejudice against the use of chemi- 
cals in the water. 

The actual experience with sand filtration of 
this water has shown the insufficiency of treat- 
ment during the periods of high turbidity of the 
Potomac. Experiments, conducted on an ade- 
quate, thorough-going scale, show beyond a doubt 
that preliminary filters or scrubbers would not 
materially improve the conditions in this respect. 
These experiments are admirably described and 
discussed elsewhere in this issue by Mr. Francis 
F. Longley, under whose direction they were 
made. Mr. Longley’s experimental results are en- 
tirely in accord with experience in actual use 
where preliminary filters have been built for the 
treatment of clay-bearing waters. They also 
seem absolutely conclusive as to the efficiency of 
these devices as applied to the Potomac water. 

Mr. Longley generalizes, and says that the evi- 
dence tends to show, and that there is every rea- 
son to believe, that this removal of clay particles 
cannot be effected by any device applicable to 
large quantities of water, which involves purely 
mechanical principles in its operation; or, to put 
it in another way, he concludes that no system 
of scrubbers or preliminary filters, however per- 
fect, is capable of correcting the acknowledged 
defect in the plant. It is dangerous to generalize, 
but in this case the generalization seems well 
grounded, especially when the additional experi- 
ence of plants with preliminary or double filtra- 
tion which have been actually used in treating 
clay-bearing waters is taken into account, and 
where, in some cases, turbid effluents have been 
produced, and in others where chemical treat- 
ment has been resorted to as an auxiliary at 
times of exceptionally turbid water. 

Mr. Longley’s experiments on double and triple 
filtration are especially interesting, and seem most 
conclusive as to the extraordinary degree of sub- 
division of this finest turbidity and of its per- 
sistence in passing through the sand of one filter 
after another. Scrubbers and preliminary filters 
may have their place in treating waters of certain 
kinds, but from the results of these experiments 
and other experience, their use clearly does not 
extend to the treatment of clay-bearing waters. 
The completion of the Washington project has 
been delayed for some years to allow these mat- 
ters to be investigated and to allow prejudice to 
be satisfied. The results obtained are certainly 
conclusive, so it is to be hoped the works may 
be completed without further delay, and that 
Washington may at last have the thoroughly puri- 
fied water to which that city is entitled, and for 
which substantially all the money necessary has 
been spent. 


Interurban Railway Investigations. 


Whenever it is proposed to build a new steam 
railroad ‘through a territory already more or 
less satisfactorily served by transportation facili- 
ties, an exhaustive study of past and present 
conditions with conservative estimates of future 
developments are clear necessities on the part of 
the projectors of the enterprise. The more high- 
ly developed the State in which the project seeks 
the right to live, the more essential it is for those 
behind the new plans to be able to show that the 
facilities are not purely destructive of existing 
service, but are desirable additions or supple- 
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ments to it. In other words, the tendency of the 
times is away from unrestricted competition and 
favorable to the operation of so-called monopo- 
lies under public supervision and control. This 
does not mean that competition is not tolerated 
in a highly developed State, but it does mean 
that every new enterprise which rivals others 
previously in the field must show just cause for 
its establishment, lest the public be forced to pay 
for a dual and perhaps unnecessary service. The 
burden of proof is fixed upon the promoters of 
the new project, and the demonstration is largely 
an engineering problem. 

The development of electric traction during the 
past ten years has followed the lines of connecting 
cities and towns heretofore unprovided with in- 
terurban trolley service. As speeds and car 
weights have increased, the standards of opera- 
tion and comfort have been raised, until in many 
instances the conduct of an interurban road is as 
responsible a task as the administration of a 
moderate-size steam railroad property. While 
the operation of such a road by electricity is dif- 
ferent in many details from the conduct of a 
steam railroad, the character of the service given 
demands no less thorough precaution against ac- 
cident, no less complete knowledge of handling 
traffic efficiently, and no less clear a definition of 
legal rights and restrictions than obtain in the 
case of the road using the older motive power. 
The high-speed electric railroad can come into its 
legitimate field of usefulness only after it has 


-demonstrated its standing on practically the same 


plane as its steam-operated competitors, and this 
means the presentation of engineering testimony 
which is often of great analytical interest. 


A case of this character is now pending before 
the Massachusetts Railroad Commission in the 
project of the Boston & Eastern Electric Rail- 
road Company to build a high-speed electric in- 
terurban line between Post Office Square, Boston, 
and the northern suburban district bounded by 
Salem and Beverly. The company desires a cer- 
tificate of public convenience and necessity from 
the commission which will enable it to secure its 
locations in the various cities and towns tray- 
ersed, and at hearings extending through the 
past year and a half it has been endeavoring to 
show the need of its construction and operation. 
However the board may decide as to the cer- 
tificate, the thoroughness with which the engi- 
neering problems and testimony have been pre- 
pared renders the methods followed in the in- 
vestigation of wide engineering interest, for few 
electric railway projects in the East have had 
to face stronger opposition from existing transpor- 
tation companies. The testimony already taken 
before the commission covers more than 1500 
pages of typewritten copy, including direct and 
rebuttal evidence, cross-examinations and argu- 
ments. It is estimated that the -preparation of 
the case so far has cost the company some 
$20,000. Among the points that have received 
special consideration from the engineering stand- 
point are the estimated cost of the road in detail, 
rather than in the rough, on a per mile basis; 
the growth of population and existing train and 
trolley service in the territory on competitive 
lines for a number of years back; estimates of 
present and probable future traffic and earnings 
derived from reports, personal tests and counts 
of the present facilities, coupled with studies of 
the per capita and per mile earnings of all the 
principal high-speed electric interurban roads of 
the country; studies of the types of rolling stock 
best adapted to rapid loading and unloading of 
passengers; detailed plotting of speed-time-dis- 
tance curves for the line, with estimated current 
consumption at all points, and the resulting power 
station, substation and distributing system 
capacity needed; preliminary designs for a 
double-track tunnel under Boston Harbor and a 
terminal at Post Office Square; studies of popu- 
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lation density throughout the territory and the 
number of buildings per acre in disputed dis- 
tricts, and the preliminary design of permanent 
way and bridges, with cost estimates of grade- 
crossing elimination. There have also been 
considered the cost of electrifying the Boston & 
Maine, and Boston, Revere Beach & Lynn com- 
peting steam lines, the possible schedules on the 
latter and limitations of the former; the present 
running times and stops of the Boston & North- 
ern Street Ry. Co.’s Boston-Salem line; the 
preparation of a plan of all special work and 
yards on the Eastern Division of the Boston & 
Maine, by personal observation, with different 
vertical and horizontal scales, to show the diffh- 
culties from the petitioner’s standpoint of electri- 
fying this division; the plotting of a detailed 
train sheet and computation of the operating ex- 
penses of the new road from the basic figures of 
train crew and transportation wages in general; 
cost of power at the motors; cost of repairs, in- 
spection and administration. Finally, a study has 
been made of the differences between a_ high- 
speed interurban electric road operated on a 
private right-of-way and an electrified steam 
road; with a study of the New York Central and 
New Haven electrifications so far as they are 


‘suggestive to the foregoing comparison. 


The wisdom of such thorough preparation 
needs no comment, for any project involving an 
estimated cost of $11,000,000 deserves profound 
study. It is significant that the companies al- 
ready in the field have not attempted to any de- 
gree to controvert by rebuttal expert testimony 
the main contentions of the Boston & Eastern en- 
gineers as to the possibilities of such a road in 
the territory at stake. No engineer of wide ex- 
perience in heavy, high-speed electric traction on 
toads operated upon an exclusive right-of-way 
has been brought forward by the existing steam 
and electric railway companies in the territory 
to controvert in detail the estimates and calcula- 
tions of the promoters. The case illustrates that 


under modern conditions may carry with it all 
the elements of an important action at law; it 
shows how futile is any training of engineers 
whose curriculum is limited by purely technical 
problems, and it demonstrates the economy of 
preliminary expenditures commensurate with the 
total final estimated cost of a large engineering 
project. 


Notes and Comments. 


Tue DeEstTRUCTION oF A Dam across Fall River 
a few miles below Hot Springs, S. Dak., occurred 
recently, and is particularly instructive because the 
failure resulted from the sliding of parts of the 
structure on the bedrock, without overturning. 
This dam was described in The Engineering 
The bedrock is 
hard sandstone, and anchor bolts 1% in. square 
and 3 ft. long, projecting equally into the bed- 
rock and the concrete of the dam, were spaced 
about 6 ft. apart over the foundation. The flood 
that caused the damage was not unprecedented, 
but its force was largely augmented by the failure 
of an old timber dam a quarter of a mile up- 
stream, which the concrete dam was intended to 
replace. This old dam had not been removed, how- 
ever, by the company owning both structures, and 
its failure is considered to have undoubtedly con- 
tributed largely to the cause of the accident to the 
concrete dam, which might have stood otherwise. 
The structure broke into four pieces. One end 
section, with the buttress and flume leading to the 
power house, is intact, and so is the section at 
the other end of the structure. The central part 


of the dam broke into two sections, and these 


slid downstream several feet. The local impres- 
sion is that some seams in the sandstone of the 


engineering enterprise - 
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river bed were opened by the high head of the 
flood enough to allow an upward pressure to 
come upon the base of the concrete, and thus 
enable the impounded water to slide the structure 
downstream. Accidents of this nature are un- 
usual, but they demonstrate the importance of the 
absolute tightness of foundations for dams and 
of bonding masonry and bedrock so thoroughly 
as to form one mass. In this connection it might 
also be added that in low dams of this section, 
which was illustrated in the article referred to, 
the downstream toe must be regarded as a danger 
point, for scour is likely to occur below it and 
work backward under the concrete, if the bed- 
rock is liable to erosion. In the most famous 
accident of this sort, that at the Austin dam, it 
was found that such scour had occurred to a con- 
siderable extent. 


Tue Pottution or NEw York Harzor is at last 
to be investigated in a thorough manner, after 
several years of preliminary discussion that finally 
has led to a reorganization of the Metropolitan 
Sewerage Commission and the voting of $75,000 
for conducting its investigations. There was such 
a divergence of opinion concerning what should 
be done among the members of the old commis- 
sion that Mayor McClellan decided, after careful 
consideration of the subject, that a change in the 
personnel was necessary, so as to have a com- 
mission able to act harmoniously. The subject 
is particulgfly important because of the strong 
feeling in ififluential quarters that the harbor and 
bay of New York are already receiving more 
sewage than it is safe to permit to enter it, while 
the proposed discharge into the bay of the sewage 
of the large cities and towns of the Passaic val- 
ley is arousing strong opposition. The time has 
manifestly come when the actual facts regarding 
the present pollution of these waters and of the 
effects of increased volumes of sewage. dis- 
charged into them must be determined accurately, 
for if the pollution of these waters ever comes 
before the courts definite facts on the subject 
must be available. This was well shown by the 
litigation over the alleged pollution of the water 
supply of St. Louis by the Chicago drainage 
canal, and consequently the authorities of the City 
of New York have shown commendable fore- 
sight in determining to begin the investigation 
now. The members of the commission are all 
men well qualified for directing the work, and 
as soon as an engineer to take charge of the de- 
tails has been selected the investigation will be 
commenced. The general problem of discharging 
crude sewage into the waters about New York 
will shortly become one of the most serious san- 
itary subjects in the country, and consequently the 
work of the commission will be watched with 
unusual interest. 


Tue FLoops 1N- THE MississrppI VALLEY, which 
have caused a great direct and indirect loss, again 
draw attention to the crude conditions that exist 
in many places in that great territory. The an- 
nual repetition of these reports of ruin and waste 
occurs so regularly that probably a good many 
people have come to regard damage by flood as 
an inevitable condition of existence in some sec- 
tions of the Valley. Probably several generations 
will have to bend their energies to the problem, 
and damage must occasionally happen when ex- 
traordinary floods occur, yet it is reasonable to 
anticipate that a union of engineering ability al- 
ready available and public assistance on a large 
scale, resulting from the deep interest now shown 
in the conservation of our water resources, will 
eventually reduce this annual loss very materially. 
The problem is a great one, not to be solved by 
adopting a few specious technical theories, but 
only by the thorough study of specialists, who will 
bring together all the essential facts concerning 
the runoff of the several regions where the floods 
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originate, the hydraulics of the rivers, the im- 
provement of these streams for navigation and 
power, and the various means of checking heavy 
runoffs at different places and of protecting the 
lowlands. It must be added, moreover, that the 
recent damage done by floods in some places 
shows how little attention communities will oc- 
casionally pay to the warning of engineers re- 
garding the conditions producing floods. A few 
years ago, for instance, after a particularly dis- 
astrous flood at Kansas City, a detailed study of 
the river conditions there was made by a board 
of engineer officers of the army, which pointed 
out that a repetition of the trouble must be an- 
ticipated so long as the natural channel of the 
river remained obstructed by bridge approaches 
and similar restraining works. This warning 
has been unheeded, and there has been an annual 
record of damage by floods ever since, which 
would seem to indicate that the city is rather 
proud than otherwise of its distinction as a flood 
sufferer. 


Tue Concrete Association of America has 
made a deserved success of its admirable exhibi- 
tion in the Brunswick Building, near Madison 
Square, New York, and has demonstrated the 
value of such displays in showing the advantages 
of concrete for various types of construction. A 
general account of the exhibits was published in 
this journal last December, but since that time a 
marked improvement has been effected in many 
of the exhibits, and others have been introduced. 
Moreover, some of the exhibitors who took small 
space at first have learned that the educational 
work accomplished in these rooms is of decided 
advantage, and consequently are increasing their 
space. The idea that a permanent exhibit of con- 
crete work would be profitable was not received 
with much favor at first by those engaged in the 
industry, but six months’ experience has shown 
that such an exhibit in New York is one of the 
most useful methods of presenting to architects 
and builders the great range of useful pufposes 
to which the material can be put. Here are ex- 
hibits by which the architect can show to a-client, 
without leaving the four walls of a large hall, the 
leading systems of reinforced-concrete structural 
work, a great variety of fireproof floors and par- 
titions, samples of different methods of treating 
concrete surfaces for exterior and interior walls, 
a great variety of artistic moldings, decorative © 
objects in colors, and in a beautiful uniform 
white as attractive as Italian marble, and hundreds 
of photographs of completed buildings of every 
type. There are also numerous exhibits of sup- 
plies useful in connection with concrete buildings. 
Special attention is paid by the Association’s rep- 
resentatives to explaining those methods of using 
concrete which will produce the results desired 
by visitors in the most economical manner. A 
great deal of money has been wasted in construc- 
ting concrete houses by overlooking features of 
design which save large sums, relatively speak- 
ing, when they are adopted. Too many attempts 
have been made fo follow details of design that 
have proved useful with wood and brick in con- 
nection with concrete, and consequently the cost 
of comparatively small concrete houses has often 
been too great. The Association aims to prevent 
this by showing samples of construction and by 
affording information that will indicate the most 
satisfactory methods of design and construction. 
Another feature of the Association’s exhibits that 
is a source of surprise to most visitors is the col- 
lection of panels and independent objects illus- 
trating what can be done with concrete to secure 
artistic effects; no engineer or architect should 
fail to visit the hall in order to examine care- 
fully these parts of the exhibition, for they de- 
serve consideration from all who may be called 
upon to design concrete works where decorative 
treatment is desirable. 
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THE INTAKE TUNNEL OF THE MUNICIPAL WATER-WORKS AT 
GARY, INDIANA. 


The municipal water supply for the industrial 
town which is being built in connection with the 
immense new works of the Indiana Steel Co. at 
Gary, Ind., will be obtained from Lake Michigan 
through a tunnel extending inland from an off- 
shore submerged crib. This tunnel has a horse- 
shoe-shape cross-section equivalent to a 6-ft. 
circle, and will have a total length of approxi- 
mately 15,000 ft. The lake end of the tunnel at 
the crib is 7,620 ft. from a working shaft on the 
shore of the lake. The tunnel will extend 7,380 
ft. inland from this shore shaft to a shaft under 
a pumping station in the city, from which station 
the distribution mains of the water-works system 
will be supplied. A general description of this 
system was included in a comprehensive article 
on the municipal works of Gary in The Engi- 
neering Record for July 20, 1907. 

Bed-rock in the vicinity of Gary lies at a depth 
of 100 to 120 ft. below Chicago datum, the latter 
being approximately at the mean level of the lake. 
‘Numerous borings made along the line of the 


headings, nor has any appreciable quantity of 
water occurred. The ground-water level in the 
deep bed of sand overlying the clay is, however, 
approximately the same as that of the lake at the 


latter, and rises on a flat slope inland until it is - 


at the surface in many places adjacent to the 
pumping station. 

The shaft at the pumping station has an in- 
ternal diameter of 18 ft. to a depth of 38 ft. be- 
low a floor around its top, the latter being 8 ft. 
above Chicago datum and 3.5 ft. above the max- 
imum level of the lake. To this depth the shaft 
has a lining of brick masonry, 21 in. thick, laid 
in Portland cement mortar. A %-in. steel-plate 
core is built in the masonry to a depth of 14 ft. 
from the top to shut off any flow of ground 
water. From the bottom of the brick masonry 
down to the tunnel the shaft is lined with con- 
crete and has an internal diameter of 10 ft. The 
water will be drawn from the tunnel and elevated 
to a 300,000-gal. steel stand-tower adjacent to the 
station by motor-driven centrifugal pumps placed 
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base of the shore shaft, one of these going to- 
ward the station and the other out under the lake. 
On May 16 about 2,000 ft. of tunnel had been 
driven from the pump shaft, 800 ft. from one of 
the headings at the shore shaft, and 1,500 ft. 
from the other heading at that shaft. The meth- 
ods of handling the work had been developed, 
however, and the organization of the forces had 
been perfected according to the plans which it 
is proposed to follow in the remainder of the 
work. 

The sinking of the pump shaft was accom- 
plished without much difficulty, notwithstanding 
the hazardous conditions existing at its site. A 
circular steel shoe, with a cutting edge having the 
same diameter as the outside of the brick lining 
of the shaft, was first placed in a slight excava- 
tion at the surface, and then the masonry lining 
was built up on this shoe until it reached a height 
of 10 to 20 ft.. A sufficient load of sand in bags 
was placed on the top of this masonry to force 
the cutting edge down as the sand was excavated 
from the enclosed space. When the top of the 
masonry about reached the ground level, the load 
was removed and the brickwork again carried up. 
Working in this manner the cutting edge was 


Steel Ribs and Lagging in North Drift and Air Lock in South Drift of Shore Shaft. 


tunnel indicate that the rock is overlaid to a 
depth of 6 to 20 ft. with a stratum of hardpan. 
Over the latter is a deep stratum of blue clay, 
varying in stiffness from the hardpan at the bot- 
tom to material which flows readily under pres- 
sure, and in some cases is not self-sustaining. 
The thick stratum of clay is covered with a deep 
bed of sand that is continuous from the top of 
the clay to the bottom of the lake, and to the 
surface of the ground. The lake bottom drops 
4o ft. in the first 3,000 ft. from the shore, and 
then continues practically level at that depth to 
beyond the site of the submerged intake crib. In- 
land from the lake the surface of the ground was 
originally a series of sand dunes, generally paral- 
lel with the shore line, and with small valleys 
between these dunes. The latter rose to an ex- 
treme height of about 30 ft. above the level of 
the lake, while some of the valleys were within 
a few feet of that level. 

The tunnel is being driven through the thick 
stratum of clay, with its invert at a depth of 88 
ft. below datum, and 20 to 30 ft. above bed- 
rock. The preliminary borings and the subse- 
quent work in the tunnel show that the character 
of the clay through which the tunnel headings 
are advancing is quite irregular, as the stiffness 
of the material has been found to vary in a short 
distance from hardpan that requires light blasting 
to remove, to plastic clay resembling soft putty. 
As far as the work has progressed no pockets 
of sand*have been encountered in the tunnel 


on the pumping station floor, 5 ft. above the level 
of the lake. 

The submerged crib at the lake end of the 
tunnel is a timber structure, having a total height 
of 10.5 ft., and is octagonal in plan, with extreme 
dimensions of 60 ft. It will rest on a foundation 
of seventy-six round timber piles driven into the 
bed of the lake and cut off flush with the surface 
of the sand after the latter has been leveled. The 
crib will be towed to a place from South Chi- 
cago, about twelve miles from the site, where it 
is under construction, and lowered by means of 
rock ballast in pockets provided in it for that 
purpose. A shaft will then be driven through 
a circular well at the center of the crib down to 
the level of the tunnel to enable a heading to be 
started toward the shore. 

The shaft at the shore has been built chiefly 
for construction purposes, but will contain a 
sluice gate by means of which the flow through 
the section of the tunnel between it and the pump 
shaft may be controlled. This working shaft is 
lined to a depth of 38 ft. below datum with cast- 
iron cylindrical sections, having a diameter of 
10 ft.; below that depth the lining is of concrete, 
and also has an internal diameter of Io ft. 

The pump shaft and the shore shaft had been 
sunk, and tunnel headings were being advanced 
from both of these shafts when these notes were 
prepared. A single heading was being driven 
toward the lake from the pump shaft, while work 
was in progress in two headings started from the 


carried through the sand and 13 ft. into the un- 
derlying clay. The ground-water level being close 
to the surface, the excavation was made with a 
clam shell bucket, without lowering the water 
level by pumping in order to decrease the friction 
in sinking the shafts. The penetration obtained 
in the clay with the cutting edge was sufficient, 
however, to seal the shaft against an inflow of 
the ground-water under the bottom of that edge. 
The excavation for the remainder of the shaft, 
which portion was Io ft. in diameter, could there- 
fore be sheeted with 4- and 6-ft. pieces of 3-in. 
wooden lagging, placed vertically and held in 
place by three horizontal-iron rings to each course 
of lagging. When the excavation reached the re- 
quired depth, the concrete lining was started at 
the bottom and carried up to the brick, the lag- 
ging being left in place, although the iron rings 
holding it were removed as the concrete reached 
them. 

A section of tunnel about 225 ft. long was first 
driven from the bottom of the pump shaft and 
lined without the use of compressed air in the 
heading. An air lock was then installed at this 
point, and since then all of the operations in the 
heading have been handled under pressure. The 
work in the heading is prosecuted by three 8-hr. 
shifts of laborers. The mining is done by two 
successive shifts, which advance the heading 24 
to 27 ft., under normal conditions. The concrete 
lining for the bore of the tunnel opened by these 
two shifts is placed by the third shift, so 24 to 27 
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tt. of lined tunnel are completed every 24 hr. in 


‘this heading. 


The materials encountered in the heading have 
varied greatly, and at times clay of greatly differ- 
ent character occurs in remarkably short dis- 
tances. Most of the clay removed, however, is 
of such nature that it can be cut with a draw- 
knife, although sharp spades and adzes are occa- 
sionally used. Four miners and two muckers 
are worked to each shift engaged in tunneling. 
The spoil is loaded into %4-yd. cars, with bodies 
having loose sides and ends, and is pushed 
through the air lock to a hoisting cage in the 
pump shaft, in which cage the cars are raised 
to a truck on a trestle leading out on a spoil bank 
adjacent to the mouth of the shaft. The exca- 
vation is not timbered as it progresses, since an 
air pressure of 12 to 16 lb. is sufficient to main- 
tain the shape of the bore until the concrete 
lining can be placed. 

The concrete is made, in the proportions of 1 
part Portland cement, 2 parts sand and 4 parts 
broken stone, in a Smith mixer, set up at the 
mouth of the shaft. The mixer discharges into 
the %-yd. spoil cars in which the concrete is 
carried to the point where work on the lining is 
in progress. The forms for the concrete lining 
consist of pieces of 3-in. wooden lagging, 3 ft. 
long, which are held in place by T-iron ribs bent 
to the horseshoe-shape of the tunnel cross-sec- 
tion. These ribs are spaced 3 ft. apart on centers. 
They are made in three pieces, with a joint at the 
“center of the arch, and one at each side of the 
invert, so they can readily be removed after the 
concrete is considered to have set sufficiently, 
which is never sooner than 72 hr. after the lining 
is placed. During the time concrete work is in 
progress the air pressure is generally maintained 
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2 to 4 lb. above that required while the mining is 
being done. 

Air under pressure is supplied to the heading 
by a 12 x 18 x 12-in. Laidlaw-Dunn-Gordon com- 
pressor in a building close to the mouth of the 
shaft. ‘This building also contains a double-drum 
Mundy hoisting engine, used in operating the cage 
in the shaft, and two boilers, one of 110-h.p., and 
the other 4o-h.p. capacity, which supply steam to 
the compressor, the hoist, the concrete mixer and 
a pump in a sump at the bottom of the shaft. 

The conditions encountered in sinking the shaft 
at the shore of the lake were such that two un- 
successful attempts were made before a third 
shaft was finally completed. The ground-water 
level is within to ft. of the surface in the 40 to 
50 ft. of fine lake sand that overlies the clay at 
the site of the shaft, and the latter is close to the 
edge of the water in the lake. The underlying 
clay in this vicinity is quite soft, so that it swells 
and flows when not confined. The cast-iron 
cylinders that form the lining for the completed 
shore shaft to a depth of 66 ft. have a shell 2 
in. thick, and are each 5 ft. high, weighing about 
10 tons apiece. Both ends of each section have 
flanges inside the shell, with bolt holes in these 
flanges to enable the adjacent sections to be at- 
tached together. The joints between these flanges 
were made tight by placing strands of oakum 
and a piece of 34-in. lead pipe outside the ring 
of bolts in each of them, and then drawing the 
bolts up tight enough to press the sides of the 
lead pipe together and to cause the lead to fill all 
the irregularities in the faces of the joint. 

The first one of the cast-iron cylinders set was 
built with a sharp bottom edge to assist in forcing 
the lining through the clay under the sand. The 
successive sections were attached as the lining 
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was carried down through the sand by removing 
the latter from the enclosed space with a clam- 
shell bucket, as was done in making the excava- 
tion at the pump shaft. The top of the lining 
was kept high enough above the surface to permit 
the loads necessary to force the shell down to be 
applied to it. When the cutting edge reached the 
clay, the resistance to the progress, on account of 
the friction on the sides of the shaft, became 
very great, in fact, the lining was only lowered 
after the last section was added, by placing 300 
tons of ballast on a platform on top of it. This 
load consisted of pig-iron, sand in sacks, one of 
the cast-iron cylinders, a standard-gauge flat car 
and a boiler filled with water. Water jets were 
also safely applied around the shell above the 
clay line to relieve the friction of the sand against 
the shaft, this, of course, being equivalent to that 
much additional load. The cast-iron lining was 
finally carried 14 ft. into the soft clay in this 
manner, which was sufficiently below the sand to 
cut off the ground-water from the excavation. As 
rapidly as possible the shaft was then dug through 
the clay to the level of the tunnel, with a lining 
of wooden lagging and iron rings placed as it 
progressed, to hold the clay temporarily. This 
part of the shaft was next immediately lined with 
r ft. of concrete before the soft clay could col- 
lapse the wooden lagging. 

Before an air lock was built in either of the 
two headings driven from the bottom of this 
shaft, these headings were each advanced too ft., 
from the shaft by lining the tunnel excavation 
with brick masonry almost as fast as it was 
opened. Beyond the two: locks, the work in the 
two tunnel headings is handled according to prac- 
tically the same methods employed in the heading 
driven from the pump shaft. The spoil is also 
removed and the concrete delivered in the same 
manner, two successive 8-hr. shifts mining and 
the third shift placing the lining for the section 
opened. The concrete forms in one of these head- 
ings, however, consists of Jackson steel ribs and 
lagging, which have been used quite successfully. 
The materials thus far encountered in both of 
these shore shaft headings have generally been 
much softer than that passed through by the 
pump-shaft heading, thus requiring 2 to 6 lb. more 
air pressure in these two headings. At the same 
time, the progress in the latter has been some- 
what greater, since 30 to 33 ft. of tunnel is 
finished in each heading every 24 hr. 

The construction plant at the mouth of this 
shaft includes a Smith mixer, for the concrete 
work; a Lidgerwood compressor and a smaller 
Ingersoll-Rand compressor, to maintain the pres- 
sure in the headings, and three boilers, one of 


Foot of the Elevator in the Land Shaft and Air Lock in Heading from that Shaft. 
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125-h.p. and two of 7o-h.p. capacity, which fur- 
nish steam to this various equipment, and to a 
pump at the bottom of the shaft. 

The submerged crib will soon be launched, 
towed to the site and sunk in place, after which 
it is expected to drive the tunnel from a fourth 
heading. Meanwhile, the high rate of progress 
that has been obtained in the three headings now 
under way indicates that the tunnel will nearly 
be completed in contract time, Dec. 11, 1908, not- 
withstanding the unexpected delays introduced 
by the difficulty in obtaining a shore shaft. 

The municipal works of Gary are being con- 
structed under the direction of Mr. G. G. Thorp, 
vice-president of the Indiana Steel Co. Mr. A. 
B. Neumann is chief engineer, and Mr. W. P. 
Gleason is general superintendent for that com- 
pany. Messrs. John W. Alvord and Chas. B. 
Burdick, consulting engineers of Chicago, de- 
signed the water-works and sewerage systems, 
and are supervising the construction of those 
systems. Mr. W. F. Sargent is engineer in imme- 
diate charge of the construction of these systems. 
The intake tunnel and submerged crib are being 
built by the Great Lakes Dredge & Dock Co., of 
Chicago, who are contractors also for the con- 
struction of Gary harbor, the progress and 
methods of which work were described in The 
Engineering Record for Aug. 17, 1907. 


A Pony Truss Skew Bridge. 


The Ellsworth Ave. Bridge, recently erected 
over the tracks of the Pennsylvania R. R., in 
Pittsburg, Pa., is an instance where excessive 
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Tests of Bond in Reinforced Concrete Beams. 


A paper presented at the convention of the American 
ociety for Testing Materials, by Mr. Morton 
Whitey, Madison, Wis. 


This paper is a report of tests made on the 
bond between concrete and plain round mild steel 
reinforcing bars. These tests were made in the 
Materials Testing Laboratory at the University 
of Wisconsin during the spring and summer of 
1907. 

The subject of bond between concrete and 
steel has led to many extensive series of tests. 
Most of these tests have been made by embedding 
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being screened out. It weighed 105 lb. per cubic 
foot and contained 35% per cent. voids. 

The Atlas cement from Missouri took an in- 
itial set in 45 min., final set in 5 hr. and 40 min., 
and satisfactorily passed the pat tests. At 7 and 
28 days the average strength of four neat bri- 
quettes was 529 and 659 lb. per square inch, re- 
spectively. The strength of the 1:3 mortar 
briquettes increased from 204 lb. per square inch 
at 7 days to 309 lb. per square inch at 28 days. 
Plain round mild steel rods with an elastic limit 
of about 44,000 lb. per square inch, an ultimate 
strength of approximately 64,000 lb. per square 
inch and a modulus of elasticity averaging about 
30,000,000 Ib. per square inch were used as re- 
inforcement in the test pieces. These rods were 
free from rust and loose scales. 

The concrete for beams I to 49 was mixed by 
hand on the cement floor in the laboratory: The 


rest of the beams were mixed by machine. Ma- 
terials were proportioned by volume. Quantities 
required were weighed on a platform scale. The 


weight of the cement was assumed to be 100 Ib. 
per cubic foot. 

Three consistencies were used in beams 23 to 
31, wet, medium and dry. The wet concrete was 
sloppy, could not be piled up of the mixing floor, 
and when placed in the molds showed an excess 
of water on top. The medium concrete when 
piled on the floor would flatten out, could be 
readily worked around the reinforcement without 
much tamping and was easily surfaced with a 
trowel. The dry concrete was very mealy, would 
stand piled up on the floor, required hard tamp- 
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skew caused the use of a pony truss. It was 
first intended to use top bracing, but difficulties 
in the top and in the portal bracing, the horizon- 
tal strut of which would have been over go ft. 
long, resulted in the abandonment of such brac- 
ing. The skew is 82 ft., and the angle 22 deg. 
28 min., resulting in placing the extreme shoes 
of the opposite trusses 267 ft. 7 in. apart, meas- 
ured parallel to the axis of the bridge. The 
trusses are 185 ft. 7 in. long, center to center of 
shoes, 34 ft. apart, 20 ft. high at the center of 
the span and 1o ft. at the ends, with top chords 
curved. The highway traffic is heavy, and the 
bridge carries two street-railway tracks. 
floorbeams are only 2 ft. 3 in. deep, supporting a 
buckle-plate floor. Footwalks are cantilevered 
out on both sides. 

The new bridge replaces an older structure, 
with-its trusses in the same position. Since the 
old bridge was strong enough to carry the new 
trusses, and it was undesirable to drive a false- 
work of pile bents between the railroad tracks 
below, the old trusses were used to support the 
new ones during erection. When the latter had 
been completed, they were slid to position and the 
old trusses dismantled. 


The 
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a rod in the center of a cylindrical block of con- 
crete and pulling it out in such a way that the 
concrete around the rod was compressed. In 
general, the results of such tests have neither 
given conclusive nor reliable data upon which 
working values for structural purposes can be 
based. 

In order to approximate more closely the actual 
conditions in reinforced concrete beams, a differ- 
ent form of bond specimen was used in the tests 
herein described and the results compared with 
those obtained from the ordinary cylinder test. 
The larger portion of the specimens were made 
and tested as thesis work by Messrs. A. B. 
Carey, S. L. Clark and P. B. Johnson, of the 
class of 1907, to whom due acknowledgment is 
hereby made. 

The sand used in these tests was a rather fine 
local bank sand. It weighed 103 lb. per cubic 
foot, measured loose, contained 37.5 per cent. 
voids and 3 per cent. of fine dirt. 

The limestone used was obtained from Kanka- 
kee, Ill. It would pass a I-in. mesh, weighed 
83 Ib. per cubic foot and contained 48.5 per cent. 
voids. A local bank gravel was used in beams 
19 and 20, particles less than 0.2 in. in diameter 
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ing and could not be readily surfaced with trowel. 
The medium consistency was used in all other 
beams. 

The form of specimen adopted for determining 
the bond in beams is shown in Fig. 1. These 
beams were in general 5 ft. 6 in, long, 5 in. wide 
and 6 in. deep. They were so made that the 
central portion of the lower rod, whose bond 
was to be obtained, was exposed. The two %-in. 
round rods seen in the figure were placed above 
the exposed bar to distribute the tension cracks 
and prevent failure in the concrete before the 
lower rod slipped. Wooden forms were used in 
making beams 1 to 49, steel forms in the re- 
mainder. 

In beams, the exposure of the lower rod was 
secured by covering it with damp sand before 
the concrete was placed. A notched piece of 
wood placed transversely with respect to the 
axis of the beam served to space the rod and 
provide a definite limit for the predetermined 
length of embedment. The embedment used for 
all beams with lower rod 5% in. in diameter or 
larger was approximately 10 in., except in beams 
62, 63 and 64, where it was approximately 15 in. 
The embedment of the lower %-in. rod in beams 
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38, 39 and 40 was nearly 7% in., and that of the 
¥Y,-in. rod in beams 41, 42 and 43 about 8% in. 
After each test, the actual length of embedment 
of the end at which slipping occurred was care~ 
fully measured. This quantity was then used in 
obtaining the results given in the tables. 
Auxiliary compression specimens consisting of 
4-in. cubes or cylinders 6 in. in diameter and 


18 in. long were made with nearly every batch 


of concrete as indicated in Table 1. The bond 


TABLA 1.—Data on Srecimuns Mann. 
Kind of 


Beam Consist- Size of Variable Auxiliary 
No, Mix. ency. Rod, Ane: Studied, Specimens, 
1-2-3. 1:2:4 medium in, time compression 
4°5- 1iz:4 medium in, 28da, time compression , 
7-8-9. 1:2:4 medium he 60 da. time compression 
{O-1i-12. 1:2:4 medium in, Wy time compression 
(7-8 1:2:4 medium % in. 60da, mix compression 
17-1 1B. 1:3:6 medium 5% in. 60 da. mix compression 
* 19-20. 1:2:4 medium i in, 60 da, mix compression 
21-22. aie medium in. 60 da, mix compression 
23-24-25. 1:2:4 wet % in. 60 da, consistency 
26-27-28. 1:2:4 medium % in. 60da. consistency 
29-30-31. :2:4 dry in. 60 da. fae 
method o 
36-37. 1:2:4 medium %in, 60 da. ae bond 
81Z€ 0 
38-39-40. 1:2:4 medium % in. 60 da, big bond — 
size o 
41-42-43. 1:2:4 medium Y%in. 60 da. Liga bond 
size 0 
44-45-46. 1:2:4 medium %in. 60 da, hat bond 
size 0 
a paige ‘1:2:4 medium 1in, 60 ep bond 
4-55° ‘ H, 
“57. 1:2:4 medium % in, 28 da, loading compress’n 
58-59- F 
60-61. 1:2:4 medium %4 in, 28 da, loading compress’ n 
62-63-64. 1:2:4 medium % in, 29 da. loading compress’n 


and bond, 


y “Tn 19 and 20 gravel was used in place of limestone, 


cylinders were also cast from the same batch of 
concrete as the corresponding beams. In all 
cases they were made with the rod vertical and 
an embedment of practically 12 in. 

Beams 1 to 49 were kept in the molds for at 
least three days after mixing. They were then 
allowed to cure without being dampened until 
tested. Beams 50 to 61 were kept in the forms 
two days and sprinkled every day for a week 
after mixing. Beams 62, 63 and 64 were kept 
in the forms three days and sprinkled twice a 
day until tested. This continued wetting may 
have weakened their bond strength. Table 1 
gives the general data on the 56 beams which 
were made. 

All beams were tested over a 5-ft. span. All 
beams except 62, 63 and 64 were loaded as shown 
in Wig. 1. Pig. 4(b) indicates how beams 62, 63 
and 64 were loaded and also shows the different 
shape adopted for beams 58 to 61. Loads were 
applied in increments of 200 or 300 Ib. and read- 
ings of the deformation in the rod taken on the 
extensometer. 

The deformation of the rod was measured by 
a dial extensometer reading to 0.0001 of an. inch, 
shown in Fig. 2, This extensometer was de- 
scribed in a paper presented before this society 
last year by Prof. H. F. Moore. It is only neces- 
sary to say in regard to it that an average de- 
formation of both sides of the rod was secured 
The readings 


of work. As the rod in the beam was horizontal 
instead of vertical, the weight, W, hung down 
perpendicular to the plane of the paper and not 
as shown in Fig. 2. Slipping of the rod was 
immediately indicated by a backward movement 
of the pointer on the dial. The dropping of 
small particles of sand and concrete from the 
surface of the rod where it entered the beam 
made evident the end which slipped. 

The rods embedded in cylinders were pulled 


_ out by a universal 50,000-lb. testing machine. The 


pulling head was raised so that the projecting 
part of the rod could be run up through it and 
by the wedges in the upper head. If the 
the cylinder was uneven, blotting paper 
eested between it and the pulling head to 

the pressure. No allowance was made 
| of the hole in the pulling head, 8 sq. 
the igpseaees in Table 4 
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formation of the rod, the following formula was 
used: 
BordE+-8LI1 

where B = bond in pounds per square inch, r = 
dial reading plus zero correction, d == diameter 
of rod in inches, == 30,000,000 Ib. per square 
inch, L == gauge length of extensometer, and | = 
length of embedment of rod. 


TAULE 2—Erencr or Time on THe BOND ov 1:2:4 
Concrune, 
Compressive 


; Stress strength of 
Beam Maximum in steel, Bond, concrete, 
No, load, lb, Ape, lb. dors 4 Ib./in.! Ib, /in,® 
We ae AGCOO 9 da, 14,2 222 aout 
Diwali Gyh00 7 da, 13) a08 ait 
3 +++. Beam Soadentally, de ed 
Average, ... y da, 216 1,400 
A oslbe 6,800 2$ da 23,000 305 eee 
B wees 4400 28 da 19,200 312 2,030 
6 rslas 4000 28 da 12,900 207 wise 
54 sees 4500 28 da 14,500 228 
55 «ees 4500 28 da 15,900 248 pile 
BO" i vive 4900 28 da 14,100 222 1,690 
57 ++ 5,000 28 da 16,300 247 ais on 
Average tea 28 da. aie 253 1,860 
PD sneteie hy Soo 60 da, 18,800 302 a etp 
B vase 6,200 60 da. 16,900 264 
Oilis «10g OOO 60 da, 11,100 201 ate 
Average one 60 da, o vida ay6 1,790 
IO seve 4200 6 me, 17,900 200 sees 
11 «+ 5,200 6 mos, 41,300 350 
IZ nis # -Ayeod 6 mos. 16,800 g18 > aidan 
Average. «1+, 6 mos. Riave 316 1,630 


In Table 2 are given the results of beam tests 
to. determine the effeet of time upon the bond. 
Although there was a considerable variation from 
the mean at some of the ages, the average bond 
increased with the age of the specimen. This is 
well shown by the time-bond curve in Fig, 3, 
drawn through these plotted averages, 


TABLE 3.—COMPAKIBON Or vit Bonn ov Various Mrxus, 
Act 60 Days, 
Compressive 


Stress strength of 
Beam Maximum in steel, Bond, conerete, 
10, Mix, load 1b, Ib./in.4 Ib, /in.? Tb, /in,# 
Y «el 348th 4,800 18,500 302 sawe 
8 sai 1124 4,200 16,900 204 
Ov us Li2i4 4,000 11,100 201 pees 
Average pias ya. eo 276 1,790 
ie sink 2 IBS 4,200 11,600 181 hora 
1B 00 T4986 4,400 14,100 251 ones 
Average 143:6 ode ay 216 830 
SO paw egrd By 5,200 19,900 282 atyibw 
20 ,.. 13214 g. 4,800 17,200 209 noe 
Average 1244 iota. Shia 275 2,200 
rer 112% 4,600 16,600 235 ; 
rer 112% oD 400 18,200 400 
Avert 112i 267 ly 600 


Table 3 contains the re mutts 6f bond tests made 
on different mixes. The bond for the 1:3:6 mix 
was decidedly lower than the others, Jt will also 
be noted that the compressive strength of this 
mix was only about half that of the other mixes. 
There was very little difference in the average 
bond of 1:2:4 limestone, 1:2:4 gravel and 1:24 


mortar. 
Tana 4—Eevncr ov Diverwnuwr Consisrenci“s on TIVE 
Bonn ov 1:2:4 Conenern, 
Stress 


Beam Maxinum in steel Bond, 
No.  Conpisteney, load, Ib, Ib./in? Ib, /in,? 
23 vise * wet 3,200 11,000 140 
24 cae Wet 4,800 24,100 346 
BE soc wet 4,000 16,500 224 

Average, wet: Ft se fey ay, , @60 

. medium 5,200 11,800 1971 
. medium 4,600 14,500 gal 
reese Medium 4,500 14,600 212 

Average, medium rey) Howie 245 
BO chs, SOS, 4,800 19,400 asy7 
amd) 3,000 20,100 414 
ay» 69 ea. sey 4,000 13,600 224 

Average, dry re hae 275 


Age of specimens, 60 days, 


The data for tests upon wet, medium and dry 
consistencies in Table 4 indicate that the amount 
of water used in these tests had no decided effect 
on the bond when the specimens were 60 days 
old, 

Tania 5.—Kyvucr ov Size or Rop on THU Bonn ov 1:2:4 


Concranrn. Accu, 60 Days, 
Stress 
Beam Size Maximum in steel, Bond, 
No, of rod, load, lb. Ib. /in, Ib. /in,? 
| Se in. 4,200 we 345 
BO ars Y, in, 4,400 400 298 
GO rats in, 2,400 700 190 
Average in, tr 278 
aia Y in, 4,400 26,400 461 
fe ie ¥, in, 4,000 21,200 412 
Pci y, in. 2,800 12,300 186 
enige Yin, } yc 286 
; ead Hy) in, 4,800 18,500 462 
Fy in, 4,200 16,900 264 
Diane in, 4,000 11,100 aor 
Average, in, eae Pir 276 
A oaeny in, 6,000 12,400 207 
1 hehe % in, 4,400 13,900 280 
% in, 6,200 15,700 295 
rerecs. iy in, Wiss pans 26, 
Py eee 1 in, 4,400 5,450 13 
per 240, 4,000 7,050 174 
© AOiadrs, o2in, 4,000 7,900 180 
Average, 1 in, aXe anes 163 
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rom Table 5 it appears that the size of the 
rod up to t-in, diameter has but little influence 
on the bond. The specimens with the 1-in, rod 
showed a marked decrease in bond, More bond 
tests with this size of bar are necessary before 
this decrease can be satisfactorily accounted for. 

Beams 54 to 61 were made to determine the 
effect on bond of embedding the rod in stressed 
Beams 54 to 57 were 
made and loaded, as shown in Fig, 1, Fig. 4 (b) 
represents beams 58 to 61, ‘The results appar- 
ently indicate that the bond of concrete sub- 
jected to a tensile stress is considerably greater 
than that of conerete which is practically un- 
is possible that bending increased 
against slipping in the first four 
beams. It will be observed also that 


and unstressed concrete. 


stressed, It 
the resistance 
of these 
compressive strength of the concrete for beams 
54 to 57 was considerably higher than that tested 
from beams 58 to 61, 


TARLE 6.-MISCELLANEOUS TrsTS ON THE BOND oF 1:2:4 
CONCRETE. 


Stress Compressive 
Maximum in strength of 
Keam load Ateel Bond concrete 
No, Ibs, Ibs, /in.* Ibs, /in.? Ibs. /in,* 
BA ana 4,500 14,500 228 pips 
$8 eens 4,500 15,900 24% 
BO wave 4,300 14,100 222 
re AAA 5,000 16,300 247 dicate 
Average 236 1,690 
CMa Coe 3,400 8,800 129 cave 
BO) vinwe 3,300 9,500 qt 
GO niay 4,100 12,6000 187 
OX. iar 3,900 13,700 204 i 
Average 165 1,070 
2 Wi isiais 6,850 19,000 197 AAR 
OB) Vises 6,800 20,300 215 
G4 ees 7,000 22,100 236 ees 
Average 216 2,315 


designed to deter 
from the 


Beams 62, 63 and 64 were 


mine the effect of a change standard 


loading, shown in Fig. 1. They were made and 
loaded as shown in Fig. 4 (a). The average 
bond of beams did not differ materially 
from that obtained from beams 54 to 57. The 
small decrease in hond developed in 62, 63 and 
64 might have been due to the fact that they 
were sprinkled more frequently while curing than 


these 


This might have decreased the 
and thereby lessened 


the other beams, 
shrinkage of the concrete 
the bond, 

If the bond stress be computed in the ordinary 
way from the average vertical shear of beams 62, 
63 and 64, a value of 214 lb, per square inch will 
be obtained, In making. this 
arm of the 


computation the 
resisting couple was taken as 0.82 
times the effective depth, The distance from the 
top of the beam to the %-in. rods was 334 
This quantity checks very closely the average 
value obtained from the deformation of the lower 
rod, 216 Ib. per square inch, 

ig, 5 shows load-bond curves for beams 54 to 
61. It will be seen that all the curves show a 
reversal of curvature at the load at which the 
maximum bond was developed. 


TABLE 7.—-COMPARIBON OF BRAM AND CYLINDER TESTS ON 


Bonn, 

Average Average Compres- 

Size bond hend Bond in sive stress 

of in cyl. -- on top of 

Beam rod Beam e ylinde rs Bond i in bond cyl, 

oO, ins Ibs. lh 4 \bs,/in.? beam. lbs,/in,? 
38-3940 vers 278 394 1.42 197 
Arheds wae 286 455 1,54 317 
§2°63°64 ++. i 216 ail 1.44 252 
258% on ains 206 407 1.76 395 
NVAS*AO rere Yh 204 502 1,90 495 
ATAB AQ veered 163 487 2.99 620 


A comparison between the bond developed in 
beams and that obtained in bond cylinders made 
at the same time is afforded in Table 7, Column 
5, headed Bond in Cylinder*+-Bond in Beam, 
shows that the cylinder tests gave bond stresses 
from 1,42 to 2.99 times as large as those obtained 
from the beam tests. Fig. 6 is a curve plotted 
from the values in the last two columns of Table 
7, It indicates that the ratio of bond in cylinder 
to bond in beam increases with the compressive 
stress applied to the top of the bond cylinder, 
The upper part of the curve was drawn a dotted 
line as more tests of 1-in. bars are needed to fix 
its position definitely, 
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Conclusions —1. The bond of 1:2:4 concrete 
to embedded steel increases with age at least up 
to six months. About 80 per cent. of its six 
months bond strength is developed at 28 days. 

2, Owing to the variation in results of the 
one-month tests, and the wide difference between 
laboratory experiments and practical working 
conditions, it does not seem as though the maxi- 
mum bond of 1:2:4 concrete should be assumed 
greater than 200 or 250 lb. per square inch in 
designing. 

3. The method of making bond tests by pulling 
a rod from a concrete cylinder, as previously de- 
scribed, gives results which are of neither quan- 
titative nor qualitative value. The results obtained 
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The California City Point Coal Pier. 


The United States Naval Coal Pier at Cali- 
fornia City Point is located just opposite the 
Golden Gate in San Francisco Bay, California, 
at the foot of a high bluff in a situation ex- 
posed to considerable seas which may be raised 
by the east wind blowing across the full width 
of the bay. The depot comprises a wooden 
bunker of about 10,000 tons capacity located on 
a terrace cut out of the foot of the bluff and 
served by a system of cable cars delivering the 
coal to and from a pier 48 ft. wide and 390 ft. 
long and about 12 ft. above mean low water. The 
pier is parallel with the shore line and about 150 


Vou. 57, No. 26. 


The original plans contemplated the construc- 
tion of pier cylinders 8 ft. in diameter, made with 
segmental steel sheet piles driven in position, ex- 
cavated in the dry and afterwards filled with 


concrete. These provided no opportunity for 
lateral and transverse diagonal or horizontal 
bracing. Owing, also, to their length of about 


75 {t. maximum, the weight of the structure and 
the stress to be apprehended from impact, wind 
pressure, and waves, this design was decided to 
be deficient in rigidity and was superseded by 
the system, shown in the accompanying illustra- 
tions, of castiron cylinders braced together with 
horizontal and diagonal longitudinal and trans- 


.verse members. 
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Outside Elevation, Elevation on Center of Cylinders, and End Panel of Coal Pier. 


are dependent largely upon compressive stress 
acting on the head of the cylinder. : 

4. The beam test for bond on the other hand 
approaches closely the actual conditions to which 
the bar and surrounding concrete are most often 
subjected, and gives values which are at least of 
qualitative value. Furthermore, values obtained 
by this method are in accord with the bond 
theory usually accepted as a basis in design. 

These tests have been continued during the 
past year. The bond of both plain and deformed 
bars, when subjected to static and repeated load- 
ings, has been investigated, and the results of all 
of these tests will appear during the year in a 
University of Wisconsin bulletin. 


Tue SECTION OF THE GRAND TRUNK Paciric Ry. 
between Portage La Prairie, Manitoba, and East 
Saskatchewan was completed May 14, giving a 
continuous line 500 miles long. 


ft. beyond it, in water nearly 30 ft. deep, with 
from 4 to 40 ft. of mud overlying a hard bottom 
of partly decomposed rock. 

The pier is supported on iron cylinders braced 
together to form alternate towers and open panels 
carrying steel beams and girders and a wooden 
floor on which there is erected a steel viaduct 
36 ft. wide and 36 ft. high, to carry two unload- 
ing travelers and four lines of cable cars. Ves- 
sels can lie on both sides of the pier and be 
coaled at the rate of about 300 tons per hour 
by a gravity system independent of the unloading 
apparatus, which can be in simultaneous opera- 
tion with a capacity of 200 tons per hour. Coal 
can be handled directly from a lighter on one 
side of this pier to a vessel on the other side, 
but is ordinarily transferred directly from the 
lighter to storage in the bunker and then re- 
turned by the cable-car system as required for 
coaling vessels. 


These cylinders are arranged in pairs 36 ft. 
apart transversely, in bents 30 ft. apart longi- 
tudinally, and are braced at the upper ends by 
the floor beams and stringers. Transverse struts, 
made with four 6 x 4-in. angles riveted together 
back to back, are bolted through jaw plates to 
the flanges of the cylinders 24 ft. below their 
upper end, and the panels between them and the 
floor girders are X-braced with sleeve-nut rods 
having clevis ends. The plate-girder floor beams, 
nearly 49 ft. long over all, are seated on top of 
the cylinders and are web-connected to four lines 
of longitudinal plate-girder stringers and two 
lines of fascia girders, 30 and 36 in. deep in the 
center and outer lines, respectively, which carry 
on their top flanges transverse 8-in. I-beams, 
about 4 ft. apart, to receive 3-in. longitudinal floor 
planks. The traveler has a heavy machinery deck 
about 15 ft. above the rail, and is equipped with 
hoisting engines and locomotive machinery nec- 


JUNE 27, 1908. 


essary to operate the booms and buckets and to 
traverse it from end to end of the pier. 

About five hundred and sixty regular 12-ft. 
lengths of 4-ft. castiron pipe were received for 
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of any considerable quantity of water. After 
this concrete had set no difficulty was experienced 
in pumping the cylinder dry above it, so that men 
could enter and adjust and arrange the reinforce- 
ment steel. 

Each cylinder was reinforced with fourteen 
vertical steel bars 1 3/16 in. in diameter, secured 
by No. 12 wire, to 12 x Y%-in. horizontal circular 
bands 6 ft. apart vertically. The rods were made 
in lengths of from 18 to 24 ft. lapped and break- 
ing joints. After the rods were set concentric 
with the cylinders, the latter were filled with con- 
crete rammed in 12-in. layers and mixed in Smith 
concrete machines, from which it was delivered 
in chutes directly to the cylinders. It was made 
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the pier cylinders, besides thirty-six special pieces 
of variable length calculated to conform to the ir- 
regularities of level in the hard bottom, and 
thirty-six special conical bottom castings. A 
conical section and one or more long sections, 
according to the depth of the water, were per- 
manently bolted together and lowered vertically 
to bearing in the required position in the mud 
bottom, where they were maintained by guys and 


by the boom of a stiff-leg derrick mounted on a © 


scow carefully moored and maintained in the po- 
sition where it was aligned from shore. 

The cylinders usually penetrated by their own 
weight into the mud sufficiently to insure their 
stability, while the interior was excavated with a 
¥Y-yd. Hayward orange-peel dredge bucket, op- 
erated by the Lidgerwood derrick engine. The 
dredging was continued to the surface of the rock 
and beyond to satisfactory hard stratum. The 
weight of the cylinder, augmented by successive 
sections bolted to the upper end as it descended, 
was usually sufficient to carry it down as fast as 
the dredging progressed. 

When the cylinders were very long, or the re- 
sistance became too great, sinking was facilitated 
by temporarily loading the cylinder with beams 
and girders or by the use of a water-jet around 
the cutting edge. The increased width at the 
bottom tended to permit lateral diversion of the 
cylinder, and special pains were necessary to keep 
it always carefully guyed in order to maintain 
it in a vertical position until it reached the rock, 
where it was bedded as accurately as possible. 
Most of the mud and fine material were then 
pumped out, and concrete deposited under water 
with an automatic bottom-dump bucket to fill the 
conical portion, secure an extended and equalized 
bearing, and seal the interior against the entrance 
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thick, 12 ft. long, which weigh about 10,000 |b. 
each and are connected by forty-four 13¢-in. bolts 
through each of the exterior flanges. In order to 
secure the required bearing area at the bottom, 
the foot of each cylinder is provided with a special 
conical section 4 ft. long and 8 ft. in diameter 
at the bottom, thus giving it the same base that 
was contemplated for the sheet pile cylinders. An 
I-beam grillage at the upper end of the cylinder 
is securely anchored to its concrete filling and 
provides support for the transverse girders. A 
lateral system is provided just below the oe 
planks by an X-bracing of single 6 x 6 x %-in. 
angles connecting the tops of the oinaen in alll 
panels of the main pier. 

The superstructure carrying 
tracks, unloading travelers, and loading chutes 
above the deck of the main pier is made with 
steel columns 38 ft. long on the centers of the 
cylinders. The columns have longitudinal and 
transverse horizontal and diagonal braces form- 
ing a series of rectangular towers and open pan- 
els continuously connected by the longitudinal 
trusses and track girders at the tops of the col- 
umns. The columns have a rectangular 
section made with two built 
with small angles; the lower ends of the channel- 
webs are slotted to clear the webs of the trans- 
verse girders, to which they are 
through vertical. connection angles, and similar 
connections are made between their cover plates 
and the webs of the longitudinal girders. 

The upper ends of the columns are connected 


steel the coal 


cross- 


channels latticed 


field-riveted 


by transverse lattice girders, 5 ft. deep, and by 
45-in. longitudinal plate girders, the latter serv- 
ing as stringers for the traveler track. A line 


of special longitudinal lattice girders, 8% ft. deep, 
is bracketed out 9 ft. beyond the column centers 
on each side of the viaduct and forms part of the 
framework of a continuous loading bunker with a 
capacity of 1% tons per lineal foot. This bunker 
runs from end to end of the pier and is provided 
with a traveler rail supporting two adjustable 
telescopic steel chutes 47 ft. long, by which coal 
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1:3:5 with 2-in. broken stone and Standard Port- 
land cement manufactured at San Francisco. The 
fascia girders and the ends of the floor beams 
are protected by heavy longitudinal timbers bolt- 
ed to slightly battered piles, 5 ft. apart on centers, 
which are secured to heavy inside waling pieces 
at high and low water level and form an elastic 
rack to serve as a fender and protect the struc- 
ture from vessels alongside. 

Great economy was effected by making the cyl- 
inders from regular commercial sections of stand- 
ard castiron water pipe 4 ft. in diameter, 1% in. 


Transverse Bracing of Pier Cylinders. 


is delivered to the hatches of vessels in any posi- 
tion, through gates ro ft. apart in the side of the 
bunker. The columns are braced by horizontal 
longitudinal and transverse struts, 13 ft. above 
the lower deck, which struts are made with built 
channels latticed on both flanges, and the panels 
between them in both faces of the towers are 
X-braced with single 6 x 6-in. riveted angles. 

A very rigid superstructure is thus secured with 
abundant strength for the two unloading travel- 
ers installed on it. Each traveler is a wedge- 
shape steel tower about 80 ft. in height with a 


‘ 
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30 x 306-ft. base, mounted on 16 wheels on the 
36-ft. gauge track. 

Grillage beams and anchor bolts were em- 
bedded in the concrete in the top of the cylinder 
and the concrete was carried up about 2 ft. be- 
yond the shell to enclose them and to receive a 
34-in. bed plate for the girders. As fast as the 
cylinders were set in position the lower horizontal 
struts and diagonal bracings were connected by 
divers and the spacing timbers by which they 
were temporarily maintained in position were re- 
placed by the permanent beams and girders of the 
lower deck, which were delivered from shore by 
a service track running on the completed structure 
and were unloaded and erected by a traveling 
stiff-leg derrick. 

After a sufficient length of the lower deck was 
completed, two panels of the viaduct were erected 
on it by a stiff-leg derrick seated on the lower 
platform, where they were braced together to 
make a stable tower, a derrick was hoisted to its 
upper platform and then proceeded to erect the 
remainder, one panel in advance in the manner 
usually adopted for erecting viaducts on land, 
with a 10-ton, 40-ft. boom commanding one panel 
beyond the base of the derrick. 

The principal quantities involved in this con- 
tract include 800 tons of castiron, 700 of 
structural steel and about 1,000 cu. yd. of con- 
crete. an average 
force of from 30 to 40 men, and preparations 


tons 
The work was executed by 


had been made for its commencement when con- 
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Hydro-Electric Development in Colorado. 


The development of water powers in the Rocky 
Mountains presents various interesting problems, 
some of the details being very different from the 
developments in the Mississippi Valley and the 
astern States. These conditions have been out- 


lined in a paper by Mr, Lewis E. Ashbaugh, office 


engineer of the Central Colorado Power Co., pre- 
pared for the year book of the Engineers’ Society 
of the University of Minnesota, from which the 
following notes have been taken, 

As Colorado occupies the crest of the conti- 
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Vor. 57, No. 26. 


The large use of the waters of the eastern 
slope for irrigation, and the early priorities giving 
ownership of these waters, renders difficult the 
utilization of some of the best streams for power 
purposes. ‘The stream gaugings have, in the past, 
been largely made in order to secure information 
for irrigation requirements. Little record has 
been made of the winter flow. The streams dis- 
charge the larger part of their total annual flow 
during the summer months, the maximum flow 
usually occurring about the middle of June, This 
is the time of year when the irrigation needs are 
also at a maximum, During the winter the flow 
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Sinking Cylinders for Coal Pier, February 29, 1908. 
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Pier and Coaling Tower, March 31, 1908. 


ditions were so much unsettled by the occurence 
of the disastrous San Francisco earthquate that 
it became very difficult to secure labor, so con- 
struction was postponed for a number of months, 
being finally completed in March, 1908. 

The designs were approved and the work was 
executed under the direction of Mr. W. S. 
Cowles, chief of the Bureau of Equipment of the 
U. S. Navy Department. The contract was award- 
ed to the Snare & Triest Co.; Mr. E. A. Sheble, 
designing engineer; Mr. F. J. Litter, engineer in 
charge, and Mr. W. J. Potter, superintendent. 
The castiron cylinders were furnished by R. D. 
Wood & Co., and the structural steel was fabri- 
cated by the Pennsylvania Steel Co. 


Tue Lonpon WATER SuppPLy is to be increased 
by a new 3,000,000,000-gal. reservoir, the con- 
struction of which has just been undertaken at 
Chingford, in the valley of the River Lea. 


nent, the streams rise within its borders and flow 
in the various directions from comparatively 
small water sheds. The streams of the eastern 
slope emerge from the mountains on to the plains 
with small volume, but their great fall permits 
some interesting developments, while the Grand 
River of the western slope gathers the waters 
from tributaries to such an extent that a fall of 
roo ft. through a canyon may be profitable to de- 
velop. On the eastern slope of Pike’s Peak, 
within view of Colorado Springs, a 10-in. pipe 
line carries the water from a very limited water- 
shed and delivers it to a power house at Manitou, 
near the cogwheel depot, under a head of 2,300 
ft, and generating 3,000 h.p. In the vicinity of 
Boulder, just north of Denver, the continental 
divide, with elevations over 14,000 ft., approaches 
within 20 miles of the plains to the east, at 6,000 
ft. elevation, again emphasizing great fall and 
small watershed. 


decreases so that power development using the 
low discharge would be impracticable. Storage 
reservoirs are therefore necessary to regulate 
and equalize the flow, and these must be located 
up in the mountains above the proposed intake. 
If the summer flow is not fully appropriated and 
beneficially used for irrigation, there may be 
enough water to supply both the power-plant and 
the irrigation interests, assuming that the power 
development does. not include reservoirs sufficient 
to store all the discharge waters. 

The order of procedure for using the stream 
discharge for power purposes is to store, during 
the summer months, all surplus water for which 
reservoirs may be found, using such part of the 
natural flow as may be required to operate the 
plant. As the discharge diminishes in the fall, 
stored water must be released to supply the plant, 
and such must continue until spring. A stream 
which discharges over 500 cu, ft. per second dur- 
ing all of June may dwindle to less than 5 cu. ft. 
per second during January, with an average of 
70 cu. ft. per second during the whole year. The 
total discharge may exceed 50,000 acre-feet during 
June and July, and be less than 1,000 acre-feet 
during two or three winter months. With suffi- 
cient reservoir capacity in the headwaters, and 
with no irrigation rights to demand more than 
7o cu. ft. per second, a development could be 
made to use an average flow of that amount, less 
evaporation and other small losses. But a single 
year’s condition is not sufficient. A series of 
years must be considered, and the minimum pos- 
sible flow taken as the only basis which will be 
satisfactory to the investing financiers and to 
purchasers of power. Again, the small reservoir 
capacity available may permit a regulation to 
only a small portion of the average for the year. 
If irrigation rights must be satisfied, it may be 
necessary to construct other reservoirs below the 
plant and above the irrigated fields, giving sec- 
ondary storage, such that the regulated flow may 
be discharged into such reservoirs during the 
winter season, and thus be available for use on 
the fields during the summer. 


The determination of the regulated discharge 
of the stream is an interesting problem, dependent 
on many factors, as total discharge of the year 
and distribution thereof, storage available, irriga- 
tion requirements, and so forth. The records of 
gaugings as made by the hydrographer are of 
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great interest; the “Water Supply and Irrigation 
Papers” of the United States Geological Survey 
are in constant use. On large developments the 
company employs a hydrographer to make special 
investigations. Automatic register gauges are 
used on streams where detail data are required. 
Co-operative work with the United States Geo- 
logical Survey is undertaken to the advantage of 
both parties. 

Illustrative of the variable flow of mountain 


* streams, a page of gauge-register curves (com- 


bined from as many sheets), is shown in an ac- 
companying diagram. Curves 1, 2 and 4 are from 
Station A, up close to the Continental Divide, with 


‘its snowy peaks, above which station the drainage 


area is about 30 square miles. Curves 3, 5 and 6 
are from Station B, on the same stream, but down 
near the plains, 13 miles from “A,” with drainage 
area about 100 square miles. These curves show 
gauge heights for one week each. Coincident in 
time are curves 2 and 3, also 4 and 5. 

These curves are interesting in showing the 
large daily variations, and also the decrease from 
summer to winter discharge, though neither the 
maximum summer nor minimum winter flow can 
be shown, as record sheets are not available. 
For the week shown by Curve 1, it is noted that 
on Sunday evening, at 8 o’clock, the discharge 
was 348 cu. ft. per second. At 2 o’clock on Mon- 
day afternoon the discharge was 233 cu. ft. per 
second, and at 1 o’clock on Wednesday it was 
only 210 cu. ft. per second. On Friday evening 
it had increased to 353 cu. ft. per second. The 
peak discharges occurred between 8 and Io p.m., 
with low discharges soon after noon. During 
June the peaks occurred at about 5 p. m., while 
Curve 5, for Station B, shows the November 
peaks at 2 to 4 a. m. and Curve 6 shows 
December peaks at near noon of the following 
day. During June the snow line is down close 
to the stream, and the daily “high tide” or peak 
occurs soon after the sun has melted the snow, 
while later in the season the remaining snow is 
farther up on the mountains, and melts in less 
volume, thus requiring a longer time for the tide 
to travel down the valley to the gauging station. 
' These curves show the value of automatic 
registers and continuous records. A single cur- 
rent-meter gauging, taken during the week rep- 
resented by Curve 1, might be made at noon and 
get a very different result from the true average. 
The United States Geological Survey gauges are 
read by resident observers morning and evening, 
thus tending to get an average result for the day. 
Current-meter gaugings are then frequently made 
and corresponding gauge heights read, thus giv- 
ing the rating table for estimating discharges 
for all gauge readings at the given,station. 

Curves 2 and 3, for October, show how the 
summer flow has decreased and the daily tide be- 
come less pronounced. If Curve 3 is shifted back 
6 hr., shown by dotted lines, to allow for the 
distance between Stations A and B, the coinci- 
dence of maxima and minima becomes remark- 
able. The daily fluctuation is still large on some 
days. Curve 4 was taken when anchor ice was 
forming and causing fluctuations in the channel, 
but Curve 5, taken the same week at the lower 
station, shows pronounced and regular tide varia- 
tions, at one time changing from 12 to 28 cu. ft. 
per second discharge in 2 hr. Curve 6 shows the 
effect of cold December weather. The variation 
is intensified in the record by the ice formations. 

The annual record of a Colorado stream is 
shown by the discharge curve of the Grand River 
at Glenwood Springs, for the year 1904. During 
six winter months the discharge was less than 
1,250 cu. ft. per second, while for three months 
it exceeded 3,000, and at one time reached 17,500 
cu. ft. per second. In 1899 the maximum dis- 
charge reached 29,000 cu. ft. per second. 

In the Eastern States much is said about the 
relation of run-off to rainfall, and the run-off 
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per square mile. On some watersheds of the 
Rocky Mountains, the rainfall records show less 
precipitation than the run-off of the streams, due 
to there being much greater precipitation around 
the peaks than in the park and valley areas in 
lower altitudes where the towns are located and 
meteorological stations established. The effect of 
high altitude and proximity to snowy peaks is 
shown in comparative data obtained on two 
watersheds of nearly: equal size of area about 
25 square miles, separated by about five miles be- 
tween borders, the one “fronting” for several 
miles on the Continental Divide, while the other 
does not quite reach up to the divide, and then 
with a pointed end as compared with the broad 
“front” of the first. The July, 1907, records show 
run-offs as follows: 11.25 cu. ft. per second per 
square mile for the first watershed, and only 1 
cu. ft. per second for the other. The watershed 
which includes both of the areas just treated, to- 
gether with an additional intermediate and tribu- 
tary area of about equal size shows a run-off of 
4.26 cu. ft. per second per square mile for the 
same period. 

Considerable attention has here been given to 
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hydrography because the water supply is the first 
essential, and Colorado mountain conditions are 
so very different from those of the Eastern States 
and the Mississippi Valley. 

The Central Colorado»Power Co. is planning 
some extensive developments, three of which are 
in process of construction, namely, the plants at 
Boulder, Gore Canyon and Glenwood. Investiga- 
tion and filings have been made on several other 
projects, as Big Thompson and Roaring Fork. 
While plans are not definitely determined, and 
continued studies are revealing new methods and 
possibilities, brief general descriptions and ex- 
planations will be made of the Glenwood and 
Boulder projects. Sketch maps of these projects 
and of a portion of the State are given for ref- 
erence. Figs. 2, 3, 4. 

_By means of such reservoirs as Grand Lake, 
Lehman and Williams Fork reservoir, it is 
planned to regulate the flow of the Grand River 
to 1,000 cu. ft. per second at Gore Canyon, and 
1,250 cu. ft. per second at Glenwood. These are 
to be “base-load plants,” to generate electricity at 
a continuous maximum rate. The fall of head at 
Gore Canyon is about 300 ft., or, with a proposed 
extension, about 400 ft. The development is very 
similar to the one at Glenwood. Any reservoirs 
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above Gore Canyon do double duty in regulating 
the flow for the two plants, and it is possible 
that they will become still more valuable by the 
development of other powers on the Grand River 
both above and below Glenwood. 

The Glenwood development is located in the 
beautiful canyon just above that city, along the 
Denver & Rio Grande R. R., the intake being near 
Tunnel No. 2 on that railroad. A diverting dam 
with flashboards or needles will form a pool and 
divert the water into the tunnel now being con- 
structed. The waterway will be about 16 ft. wide 
and 10.5 ft. deep, with grade of 2.64 ft. per mile, 
to carry 1,250 cu. ft. per second. The length of 
tunnels will be about 12,000 ft. Two steel pres- 
sure pipes will take water from the tunnel fore- 
bay to the two turbine wheels and generators. 
The net head is about 165 ft. thus giving about 
16,500 electrical horse power. As first planned, 
the present development would have only 9,000 
ft. of tunnel, with 140 ft. head; and would look 
forward to an extension toward, and perhaps be- 
yond the city of Glenwood, giving much increase 
in power. The tunnels are being bored through 
hard granite, requiring very little timbering and 
arch lining. The sides and bottom will be con- 
creted and smoothly finished. 

The Boulder plant is designed to carry the 
peak loads for the other base-load plants. Such 
reservoirs as Barker and Nederland will store the 
summer floods for winter use. A 36-in. concrete 
pipe line about 12 miles long follows along the 
hills at constant grade, cutting through some pro- 
jecting ridges by tunnels and crossing deep ray- 
ines by inverted steel syphons, carrying a con- 
stant supply of water from Barker storage reser- 
voir to Kossler equalizing reservoir. This pipe 
is a gravity waterway, and will carry about 54 
cu. ft. per second at a maximum; this quantity 
is quite different from Grand River conditions. 
The Kossler reservoir is a terminal reservoir, re- 
ceiving a continual supply from Barker reservoir, 
and transmitting to the power house as required 
by means of a steel pressure pipe over 9,000 ft. 
long, 56 in. diameter, by 34 in. thick at the upper 
end, and 44 in. in diameter, and 134 in. thick at 
the lower end, where the head is 1,845 ft. During 
the late afternoon and the evening, and at other 
times of peak load, this heavy steel pipe will de- 
liver to the power house the water which the 
gravity pipe line has been supplying to the ter- 
minal reservoir during the 24 hr. This terminal 
reservoir thus gives the value to the develop- 
ment; two impulse wheels will be used, the 
capacity of each being 9,000 h.p. Other interest- 
ing features of the Boulder development are the 
big reservoir dams, a 165-ft. masonry dam being 
planned for Barker, and one or two large earth 
dams for Nederland. Another development is 
possible by taking the water from the power 
house and conducting it by tunnels and pipe lines 
to the edge of the foothills, on the west side of 
the city of Boulder, a distance of about three 
miles, and affording a fall of about 400 it. 

The main transmission line will extend from 
Glenwood to Denver, passing through the large 
mining camps at Leadville, Breckenridge, Dillon, 
Georgetown and Idaho Springs. To this line will 
be connected the lines from Gore Canyon and 
Boulder. Branches will supply the manufacturing 
districts at Pueblo and the mines at Cripple Creek. 


Tue RemovaL oF UNpROTECTED Factnc-PoINt 
SwitcHes has been carried out by the Pennsyl- 
vania R. R. on all of its lines east of Pittsburg 
and Erie, Pa., 1,078 of such switches having been 
removed in the past four years. Of these, only 
125 have been replaced by trailing switches, the 
remainder having been abolished. During this 
time, in which over 500 miles of running tracks 
have been added and 409 new siding connections 
made on the lines east, 1,004 facing-point switches 
protected by interlocking have been put in. 
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The cost of 140 26-ft. steel sheet piles driven to 
an average penetration of 22 ft. on the North 
Platte irrigation project is itemized as follows in 
the “Reclamation Record.” The United States 
type of piling was used, which cost at the factory 
70 cents per linear foot, and as its weight is 35 
pounds per running foot, the cost therefore was 2 
cents per pound. The freight rate from the fac- 
tory at Pittsburg to Whalen, Wyo., was $1 per 
hundred pounds, thus making the total cost f. o. b. 
cars at Whalen, about $1.05 per linear foot. 

The line of piles under consideration was driven 
in August, 1907, and forms a part of the south 
side of the cofferdam used in the construction of 
the concrete diversion dam on the North Platte 
River, at the head of the Interstate Canal. None 
of the piles were driven under water, and the 
material into which they penetrated consists of 
sand and coarse gravel. The piles were dragged 
from the railroad siding to the river bank, and 
carried across the river on cables. The pile 
driver outfit used was a Lidgerwood single drum 
20-h.p. hoisting engine and a 2,800 lb. ham- 
mer, having an average drop of 8 ft. When no 
hindrance occurred by accidents to the machinery, 
the average number of piles driven per twelve 
hours was twenty-seven, with an exceptionally 
high run on August 9 of twenty-nine. 

The regular pile driving crew consisted of one 
foreman, one engineer, and four laborers. Each 
of these men received 35 cents an hour for his 
work except in transporting the piles from the 
railroad station to the driver, in which case the 
laborers were paid for at the rate of 25 cents per 
hour and teams at the rate of 20 cents per hour. 
The total labor cost of unloading and moving the 
piles from the railroad to the driver was $53.25, 
making a unit cost per linear foot of pile of $0.015. 
The total labor cost for driving was $190.05, mak- 
ing a unit cost of $0.052 per linear foot of pile 
driven. 

3elow are tabulated the total and unit costs of 
the piles in place distributed under the headings 
of plant depreciation, labor, materials and supplies. 
The depreciation on the engine was about 2 per 
cent. of its original cost, while that on the driver 
was about 30 per cent. of its original cost, includ- 
ing repairs made on it. The charge for materials 
contains in addition to the piling and freight 
thereon, $28 worth of wood fillers used in con- 
nection with the piling. The charges under sup- 
plies consist of coal and oil for the engine, and 
labor for carrying drinking water. Six tons of 
coal were used, at $5.50 per ton. 


Cost per 

Distribution of Costs Total foot of 
cost. pile. 

Plant depreciation.............0.. $60.00 $0.016 
Labor; oxnie Op dvesin nse vite suse alee? 243.30 0.067 
Moaterible | cctoe « vcuauwes eevee viele & 3,850.00 1.058 
SUpplied. vs ive a6 ete aw suo unease > 44.18 0.012 
Total: vivvb se csc wa tnpive ts Ub eee $4,197.48 $1.153 


Forestry Work by railways in this country 
was begun years ago, but was unsuccessful for 
one reason or another, and forest planting on a 
well-arranged plan has only been carried on by 
those companies since 1900. Practically all the 
trees were black locust and catalpa until re- 
cently, but the Pennsylvania R. R. has lately been 
setting out red and pin oak, larch and chestnut; 
and the Santa Fé has approved a plan of planting 
7,000 acres of eucalyptus. Forestry specialists 
seem to be agreed that the setting out of planta- 
tions will not be profitable to railways as a means 
of producing cross-ties exclusively, on account of 
its high cost, but will prove useful as a means of 
improving existing timber lands which can be 
acquired at reasonable prices. The purchase of 
cut-over lands at low prices and their rehabilita- 
tion under the direction of experts is regarded as 
the best policy to be followed. 
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Air Leakage in Steam Condensers. 


A plea for scientific consideration of the sub- 
ject of air leakage in steam condensers was made 
in a paper by Mr. Thomas C. McBride, of Phila- 
delphia, Pa., before the American Society of 
Mechanical Engineers at the recent spring meet- 
ing. Although experience has shown that the 
presence of a small amount of air in a steam con- 
denser has a marked effect upon its capacity and 
efficiency, there has apparently, Mr. McBride 
states, been no serious attempt made to determine 
quantitatively the amount of air mixed with steam 
in ordinary practice, nor to definitely define or 
limit this amount to exact figures in condenser 
contracts and guarantees. 

Mr. McBride believes and assumes that the 
amounts of air passing through different con- 
densers may be best measured and compared on 
the basis of the relation of the volume of this 
air to the volume of the steam being condensed, 
both being at the pressure and temperature exist- 
ing in the particular exhaust pipe. The most con- 
venient unit of volume is the volume of the water 
of condensation coming from the steam. The 
ratio of the volume of air passing through the 
air pump to the volume of water of condensation 
is then used to measure the air. 

The most reliable index of the proportion of 
air to exhaust steam customary in existing plants 
he finds to be in the ratings of air pump capacity 
in general use. He states that manufacturers of 
vertical twin air pumps and surface condensers 
usually guarantee them for 26 in. vacuum (30 in. 
barometer) and 110° Fahr., hot well tempera- 
ture, with 70° injection and 110° discharge tem- 
perature, under which conditions it is customary 
to furnish an air pump of a displacement of 
about thirteen times the volume of the water 
condensed. This presumes the presence of 4.0 
volumes of air per 10,000 volumes of exhaust 
steam as the upper limit to be anticipated in 
American practice. Horizontal air pumps for 26 
in. vacuum and 110° hot well temperature are 
rated by most manufacturers as having a displace- 
ment of about twenty times the volume of the 
water of condensation. This rating presumes the 
presence of air in the proportion of 6.3 volumes to 
10,000 volumes of exhaust steam. Air pumps for 
jet condensers for 70° injection and 26 in. vacuum, 
on the presumption that the discharge temperature 
will be 110°, are usually rated at a displacement 
of 52 times the volume of the water condensation. 
On these presumptions, this displacement will be 
made up of: 


Condensed -stedtia Sc.scuie aise e rete vip vo.0 0 ose 


Air entering with steam through boiler...... 0.3 
Condensing. water suns sere cen el eein eer e 26.0 ba! 
Air entering with condensed water........ 10.5 ey 
Air entering by leakage......... AD Ae FE 14.2 a 
Total’ sce sidan eit ser lars ecko eo Fs 52.0 #6 


The 14.2 volumes of air in the air pump suction 
at 4 in. absolute and 110° were before condensa- 
tion 4.7 volumes per 10,000’ volumes of exhaust 
steam, or to refer to the basis used before for the 
surface condenser, the air entering by leakage and 
in the boiler feed total 14.5 volumes and corre- 
spond to 4.8 volumes per 10,000 volumes of ex- 
haust steam. 

Mr. McBride, therefore, considers it safe to say 
that a provision to handle about 4.5 volumes of air 
per 10,000 volumes of exhaust steam at 26 in. is 
ample in steam engine practice, and that more air 
than this indicates excessive leakage, this depend- 
ing, however, somewhat on the size and type of 
plant. Of the air pump capacity presumed neces- 
sary by manufacturers, about 7 to 9 per cent. is 
thus required to handle the air coming into the 
condenser with the feed water and the balance is 
required to remove the air entering by leakage 
and is largely an unnecessary expenditure. The 
responsibility for limiting the amount of air is, he 
states, with the prime mover and its piping, and 
it is only reasonable to expect those controlling 
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these features of the plant to indicate the amount 
of air the air pump must handle and not to compel 
the condenser manufacturer to guess at it. 

It must be evident that comparisons of results 
obtained in different plants and from different 
types of condensers cannot possibly be trustworthy 
unless the proportion of air for each case has 
been determined and due allowance made therefor. 
The amount of air present exerts a great influence 
on (a) the relation between temperature and 
vacuum in the condenser; (b) on the air removing 
capacity of the air pump; and (c) on the heat 
transferring capacity of the surface or spray. The 
plant so fortunate as to have the smallest air leak- 
age might have an advantage sufficient to wipe out 
entirely the benefits that might be gained by any 
refinements in the design of a condenser under 
comparison. Thus, a comparison between a con- 
denser provided with a cooler, and a unit which 
had its cooler removed, shows results apparently 
favoring the latter. The methods of measuring 
and comparing air leakages suggested in this paper 
would not only show this to be an erroneous con- 
clusion, and that air cooling was of great benefit 
to the unit, but it would also show the amount to 
be gained by such cooling. 

The suggested measurement of the air coming 
to condensers necessitates the following readings: 

1. Pressure in air pump suction. 

2. Temperature of air pump suction. 

3. Quantity of steam being condensed. 

4. Effective vacuum pump displacement. 

For ordinary work and with properly built con- 
densers, the vacuum in the condenser could be 
taken for the first reading, but for exact work 
the pressure and temperature should both be taken 
at the same point in the suction pipe. The third 
quantity is generally well known. The fourth 
quantity requires readings of the speed of the 
vacuum pump and an estimate of its volumetric 
efficiency from its indicator card. 

For barometric condensers and jet condensers 
with air pumps, certain allowances have to be 
made, requiring for their determination some 
previous practice with condensers of other types. 

As the data necessary for the estimation of air 
in condensers is so easily obtained, it is hoped 
that this paper will eventually result in the appli- 
cation of the same scientific methods to air leak- 
age in condensers that are now applied to all the 
other features of the power house. A full appre- 
ciation of the effect of air in condensers on coal 
consumption and an exact knowledge of the 
amount and probable source of this air should 
result in generally higher vacuums and an in- 
crease both in the efficiency and capacity of the 
plant. The methods suggested in this paper 
can be used in the analysis of existing condenser 
plants to see how their results can be improved, 
assisting in determining whether the cooling fea- 
tures or the air removing features are limiting 
the vacuum, and if the latter, determining just 
what are the improvements that could be made 
and how much. 


Sewer TUNNELS about three miles long have 
been driven in Hamburg, Germany. A 9-ft. I0- 
in. circular tunnel was driven with a shield with- 
out air pressure at about $81 per foot, a 7-ft. 10- 
in. tunnel was driven by ordinary methods with- 
out air pressure at $31.60 per foot and with air 
pressure at $49.50 per foot. A 7-ft. 1o-in. tunnel 
was driven with a shield and air pressure at 
$66.50 per foot. The tunnels were lined 
with brickwork instead of cast-iron segments. 
Great difficulty was experienced with the 
air pressure, for if it: was sufficient to permit 
work in the upper chamber of the shield, the 
water rose in the lower chamber, and when extra 
pressure was applied to keep the lower ¢hamber 
dry, the air immediately escaped upward through 
the soil. : 


0. 
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Vernon Avenue Bascule Bridge, New York 
City. 


The increasing requirements of the very heavy 
navigation along Newtown Creek between the 
Boroughs of Brooklyn and Queens, New York 
City, induced the vessel and towing interests op- 
erating along this busy stream to urge more than 


ten years ago the removal of the obstructive cen- 


ter pier swing bridge spanning the creek near 
its mouth and connecting Vernon Ave., Queens, 
with manhattan Ave. Brooklyn. This bridge 
crossed the channel at a level so low as to neces- 
sitate an opening of the bridge for every passing 


craft, resulting in delays expensive to both navi- 


gation and the heavy highway traffic over the 
bridge. The necessity for relief at this point was 


appreciated by the United States engineer then 
‘in charge of the improvements of New York 


Harbor, Col. G. L. Gillespie, U. S. A., who 
recommended condemning the old bridge and re- 
placing it with a structure more suited to the 
needs of the increasing navigation and street traffic. 


Following proper legislation on the subject, a 
joint committee was appointed by the counties of 
Kings and Queens in 1896 to consider the best 
means of carrying out the project. The com- 
mittee decided to advertise for competitive de- 
signs and this was done, the advertisement call- 
ing for drawings showing the general design of 
the proposed structure, length of movable span 
and approaches, width of clear waterways, width 
of roadway and sidewalks, dimensions of all 
parts, loads to be sustained and strain sheets 
showing the forms and construction of typical 
members. Each design was to be made in ac- 
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by the tide. Vessel interests urged a_ bridge 
which would have sufficient clear height under- 
neath to allow a large percentage of the water 
traffic to pass without necessitating a movement 
of the bridge. Such a height would also permit 
a viaduct approach to the bridge on the north to 
clear the tracks of the Long Island R. R., which 
cross Vernon Ave. in the Borough of Queens 
about 409 ft. from the bridge. 

In 1901, the then Commissioner of Bridges, 
Mr. John L. Shea, after an exhaustive investiga- 
tion of the merits of the various types of bridges 
proposed, and following the recommendations of 
the chief engineer of the department at that time, 
Mr. Samuel R. Probasco, adopted a double-leaf 
through Scherzer rolling lift bridge as best ful- 
filling the requirements of both the highway traf- 
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The importance of the structure as a means of 
communication between two busy districts was 
emphasized in the formal opening of the bridge 
to highway traffic, the occasion being celebrated 
as a holiday by the neighboring business inter- 
ests. The importance, too, of that part of New- 
town Creek as a commercial waterway is shown 
by the record of operation of the new bridge for 
the year 1906. In the twelve months, from Janu- 
ary to December, of that year the bridge was 
operated for the passage of vessels on an aver- 
age of 1,301 times per month, the maximum 
number of operations being 1,584 in the month 
of October. The bridge’ was operated 72 times 
in one day in the month of December. During 
this same year 53,178 vessels passed through the 
opened bridge while 44,882 vessels passed under 


The Vernon Avenue Bridge and a Neighboring Swing Bridge. 


View Showing Location of Tail Latches on Top Braces. 


cordance with the regulations of the United 
States War Department and was to be accom- 
panied by a typewritten description of the pro- 
posed structure, giving the motive power to be 
used and its manner of application in the opera- 
tion of the bridge. A number of designs were 
submitted in accordance with this advertisement, 
but nothing definite was done in the selection of 


a design for several years, although various - 


phases of the subject were considered by the De- 
partment of Bridges. The original project of a 
low-level swing bridge was abandoned, as the in- 
creasing navigation along Newtown Creek would 
necessitate almost constant operation of the draw 
span and consequent delay to the heavy traffic 
over the bridge. The low-level bridge was also 
objectionable because of. the danger both to the 
bridge structure itself and passing vessels on ac- 
count of the strong current in the channel caused 


fic and navigation, and being also the most eco- 
nomical of any of the designs considered. The 
Department of Bridges accordingly contracted 
with the Scherzer Rolling Lift Bridge Co., Chi- 
cago, for complete detail plans and specifications 
which were placed on file at the office of the 
Commissioner and bids for construction called 
for on Dec. 5, 1901. The contract was awarded 
and construction carried through to completion, 
the bridge being formally opened by Mr. George 
E. Best, Commissioner of Bridges, and Mr. O. F. 
Nichols, chief engineer, on Oct. 17, 1905. Ar- 
rangements were made by the Department of 
Bridges to provide for the highway traffic during 
the construction of the new bridge by erecting a 
bridge at the adjacent street upstream, Oakland 
St. This bridge was opened to traffic on Dec. 
26, 1902, and remained in active use until the 
opening of the new bridge. 


the bridge without necessitating the opening of 
the draw-span. The saving in time to the heavy 
highway traffic through the use of the new bridge 
is shown in the fact that the delay to street traf- 
fic since the opening of the new structure is less 
than one-half of the delay caused by the adja- 
cent bridge at Oakland St., in use during the 
construction of the new bridge. 

This entire structure, including masonry and 
steel approaches, has a length of 1,699 ft., of 
which 361 ft. are in the masonry approaches, 
207 ft. on the north end beginning at Fourth 
St., and 154 ft. on the south end at the intersec- 
tion of Ash St. and Manhattan Ave. The via- 
duct approaches on both north and south sides 
are of steel supported on steel bents resting on 
concrete footings, the north viaduct having a 
length of 826 ft. and that on the south a length 
of 180 ft. The movable span and the two adja- 
cent fixed spans have a total length of steel work 
of 332 ft., the movable span, center to center of 
bearings, being 172 ft. with a single roadway of 
40 ft. clear width and two sidewalks each 8 ft. 
wide. The bridge provides a clear waterway for 
navigation 150 ft. wide, measured between pro- 
tection fenders at right angles to the center line 
of the channel. The clear height from mean 
high water to the under side of the floor beams 
is 24 ft. The clear roadway of this bridge be 
tween trusses is the widest of any through type 
of bascule bridge yet constructed. 

The movable span is a double-leaf through 
Scherzer rolling lift bridge, each leaf consisting 
of two riveted cantilever trusses. The top chord 
of each truss is carried downward in a sweeping 
curve from the anchorage columns to a mini- 
mum clearance over the roadway of 15 ft., mak- 
ing, with the straight rear end members, a 
pleasing and artistic outline for a through type 
of draw span. 

The bridge is operated by electric power, two 
motors of 40 h.-p. each being provided for each 
leaf. In the operation of the bridge the power 
is applied to each of the movable leaves by two 
operating struts moving horizontally inside of 
the trusses, the machinery driving the operating 
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struts being placed on stationary platforms over 
the fixed spans at the rear end of each of the 
moving leaves. The electric equipment is de- 
signed to permit of each leaf being operated 
separately from its side of the channel, and by 
means of submarine cables the control of both 
leaves is located on the Queens Borough side of 
the channel. Indicators are placed so as to be 
seen from each operator’s house showing the 
various positions of each leaf of the bridge dur- 
ing operation, both day and night. 

The main supporting piers, both front and 
rear, are of concrete faced from 2 ft. below mean 
low-water level to the under side of the coping 
with ashlar limestone masonry, the coping and 
bridge seats being of granite. Each pier has a 
batter of % in. to the foot above the footings, 
the granite coping course extending 18 in. be- 
yond the face of the top course of limestone. 
The front or river piers rest on pneumatic cais- 
sons carried to rock. The rear piers in which 
the anchorage columns are imbedded rest on 
piling cut off at 18 ft. below high water. These 
piers were built in open caisson work, the toe of 
the concrete being 5 ft. below pile cut-off. The 
bridge has been remarkably successful in more 
than two years of service, having caused no delay 
to traffic on the highway or in the river. 


COSI KKESI RSIS 
Section X-% 


Counterweight Frame with Tail Catch. 


The entire construction was executed in 
charge of the Department of Bridges of the City 
of New York, Mr. E. A. Byrne, engineer in 
charge. The approaches and substructure were 
designed by the Department of Bridges. The 
movable span superstructure, operating machin- 
ery and electrical equipment were designed by 
The Scherzer Rolling Lift Bridge Co., Chicago, 
Mr. Albert H. Scherzer, president, and were con- 
structed under the consulting engineering super- 
vision of that company. The contract for the 
entire work, both substructure and superstruc- 
ture of the movable bridge and approaches, 
amounting to $567,082.46, was executed by the 
United Engineering & Contracting Co., New 
York City, the superstructure being fabricated by 
the Elmira plant of the American Bridge Co. 


THE Cement Mitt operated by the United 
States Reclamation Service at Roosevelt turned 
out 12,016 bbl. of cement during March, which is 
stated in the “Reclamation Record” to have been 
manufactured at a unit cost of $1.84. The sand- 
crushing plant at the same place furnished 2,268 
cu. yd. at a unit cost of $1.27. 
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Permeability Tests of Concrete with the 
Addition of Hydrated Lime. 


A paper read before the American Society for Testing 
Materials, by Sanford E, Thompson, M. Am. Soc. C. 
E., Consulting Engineer, Newton Highlands, Mass. 


These permeability tests were made to deter- 
mine the effect of adding various percentages of 
hydrated lime to concrete of different proportions. 
The specimens were similar in a general way to 
those designed by the writer for previous tests, 
as described in the “Proceedings” of the Ameri- 
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The percentages of hydrated lime to add were 
selected after a careful study of the materials 
and the proportions, the plan being to use larger 
percentages of lime with the leaner concrete mix- 
tures because these contained more voids to be 
filled. The proportions of concrete and the per- 
centages of lime selected by this preliminary study 
were as follows: 

Propor- Propor- 


Propor- 
tions of Hydrated tionsof Hydrated tions of Hydrated 
concrete. lime. concrete. lime. concrete. lime. 


eee ed) 0. 1:2%:4% o Ck ere fo) 
ry 4% te 6% % 8% 
“ 72% “ 10% “ 14% 
“e 10% “ 14% “ee 20% 


The tests were laid out by the writer at the 
request of the Rockland-Rockport Lime Co., and 
were made by the Boston Elevated Railway Co. 
in their Cambridge laboratory. The scheme of 
tests was approved by Mr. W. E. Healey, of the 
Rockland-Rockport Co., and by Mr. George A. 
Kimball, chief engineer of the Boston Elevated 
Railway Co., and the results are here presented 
with their permission. 

Conclusions—The following conclusions are 
drawn as the result of the experiments : 

1. Hydrated lime increases the water-tightness 
of concrete. f 
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can Society for Testing Materials, Vol. V1, p. 373, 
but were of much larger size; in fact, they were 
considerably larger than have hitherto been cus- 
tomary in permeability tests. The blocks of con- 
crete were 20 in. in diameter by 16 in. thick, 
and the water was introduced into the center 
of the block as described and illustrated in this 
paper. 

The proportions of concrete selected were those 
which are customarily used in concrete construc- 
tion, except that a slight excess of sand was taken 
in proportion to the stone to insure homogeneous 
specimens, thus avoiding the possibility of stone 
pockets, which are more liable to occur in small- 
size specimens than in practical construction. 

The materials, which are more fully described 
later in the paper, are quite representative, so 
that the results obtained are applicable to usual 
conditions in construction work. The cement was 
Lehigh brand; the crushed stone was conglom- 
erate rock, which resembles trap in its character- 
istics and tests: the sand was a good, coarse bank 
sand. The hydrated lime was Pine Cone brand 
made by the Rockland-Rockport Lime Co., of 
Rockland, Maine. 


Operating Mechanism and Tail Latch, Vernon Avenue Bascule Bridge. 


2. Effective proportions of hydrated lime for 
water-tight concrete are as follows: 


Port. cem. Sand. Stone. Hyd. lime 
I part 2 parts 4 parts 8% 
I “e 2% “e 4% “e 12% 
I “ee = “ce 5 a3 16% 


These percentages are based on the weight of 
the dry hydrated lime to the weight of the dry 
Portland cement. 

3. The cost of large water-proof concrete 
structures frequently may be reduced by employ- 
ing leaner proportions with hydrated lime admix- 
tures, and small structures, such as tanks, may 
be made more water-tight. 

4. Lime paste made from a given weight of 
hydrated lime occvpied about 2% times the bulk 
of paste made from the same weight of Port- 
land cement, and is therefore very efficient in void 
filling. 

Although the character of the sand and stone 
used in the concrete will affect the best percentage 
of lime to use, the present materials are repre- 
sentative of average materials throughout the 
country, so that the results should be of general 
application. Coarser sand would naturally require 
slightly larger percentages of lime, and finer sand,. 
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that is, sands having a larger percentage of fine 
grains which pass a sieve with 40 meshes to the 
linear inch, would be apt to require less lime, 
since sands containing considerable fine material 
produce a more water-tight although a weaker 
concrete. 

A study of the curves which are given later in 
the paper suggests that for coarser sands than 
used in the experiments, or in cases where the 
water pressure must be applied in one month or 
less after laying, the percentages given above 
may be increased by about 25 per cent., while for 
many classes of work 25 per cent. less than the 
above percentages will be satisfactory. 

For mortar in proportions corresponding to the 
cement and sand in the different concretes, the 
same percentage of hydrated lime would natu- 
rally be selected; thus 1: 2 mortar corresponds to 
I:2:4 concrete, 1:2!4 mortar to 1:24: 4% con- 
crete, I: 3 mortar to I: 3:5 concrete. 

Increasing the proportions of stone to, say, 
1:2:4%, 1:21%4:5, or 1:3:5%, should have- no 
effect on the percentage of hydrated lime to be 
selected, but for water-tight concrete it is always 
advisable to. have a slight excess of mortar to 
avoid stone pockets. 

Results of Experiments——The specimens ready 
for testing are shown in the photograph, Fig. r. 

The water is infroduced into the middle of the 
concrete cylinders. As it enters the specimen the 
pipe is enlarged so that an area of 12% sq. in, 
that is, a circle 4 in. in diameter, is exposed to the 
water, and the water must flow through 8 in. of 
concrete. 

The accompanying table gives the results of the 
tests in detail, while the curves in Fig. 2 also 
present the effect of the hydrated lime upon the 
water-tightness of the concrete. 

The percentages of hydrated lime are based on 
the weight of the cement, these being added to 
the cement and not replacing it. The variation in 
the ages of the specimens in different propor- 
tions slightly affects the results and accounts in 
part for the fact that the 1:3:5 mixtures are 
nearly as water-tight as the richer proportions. 
Specimen No. 5, which shows practically no flow, 
is evidently erratic. 


PERMEABILITY OR FLow or WartER THROUGH CONCRETE 
8 In. THICK. 


oa) mae Meno eeenGayn en .. (5). G6) 7) (8) (9) 


Flow of water Flow under pressure of 
under 7-ft. head, ——6o lb. per sq. in.—, 


wi (2) micas) LareueS 2 

Mee gk Ree Seg 
S ao GS: 3 .38 oo Gy 
Hig@rated in) 52 3 oS = 2 80 5 
ime Baa Bo B36 ss 
No. per s £25 z= oe Bees eas cant 
cent. <4 Ages i 2 ens aes me 

1:2:4 Concrete. 

I ° 18 161 27, 40 24 4% 74.8 
2 4 18 161 1.2 41 18 5 28.4 

3 7 18 161 1.0 42 18 634 5.2 

4 10 15 161 1.0 46 6 18 1.6 
1:2%:4% Concrete. 

5 (0) 30 169 0.3 44 17 6 Fee 4 

6 5 30 169 1.9 45 18 6 32.5 

7 10 29 169 0.8 49 Ad 21 (0) 

8 14 29 169 0.7 50 ae 27 ° 
1:3:5 Concrete. 

9 ° 26 169 9.8 50 6 14 70.6 
10 8 26 169 hax 51 8 17 3.6 
II 14 28 169 ee 50 28 13 10.7 
II 20 28° 169 1e2 53 9 15 0.7 


The specimens were first subjected to a head of 
7 ft. by filling the vertical pipes with water, and 
while the results of these preliminary tests are of 
small value because the pressure in most cases 
was not enough to force the water through the 
specimen, the quantity being measured before en- 
tering the concrete, the results are given in the 
table, column 5, as confirming in a general way 
the tests of the concrete under city pressure. The 
tests under a 7-ft. head, column 4, were main- 
tained for several days, and the flow was recorded 
each day, the average only being given in col- 
umn 5. . 

After a longer period of setting, varying from 
40 to 53 days, the specimens were connected with 
the city water pressure, which averaged 55 to 60 


Ib. per square inch. Before measuring the 


THE ENGINEERING RECORD. 


flow, the water was continued for several hours 


(column 7) to equalize the flow, and then the 


flow was measured for a period of several hours 
and recorded in grams per hour. 

The flow given in grams per hour is very 
nearly the same as the flow expressed in ounces 
per 24 hours. The curves in Fig. 2 are plotted 
from the table, 


The result from one specimen,. the 1:214:4% 
mix without any hydrated lime, is erratic, and 
this test is omitted in making up the curves. All 
of the tests show some variations in the lower 
portions of the curves, but when the flow through 
the specimen is as small as 10 grams per hour, 
which is approximately equal to about 8 ounces 
or % pint per 24 hours, the concrete is so nearly 
watertight that slight variations are unavoidable. 
The curves are based on a study of all of the 
tests. The pressure, nearly 60 lb. per square inch, 
which is equal to a head of about 140 ft., is 
tnusual in engineering construction. Previous 
tests, by Fuller & Thompson, Trans. American 
Society of Civil Engineers, Vol. LIX, p. 133, 
have shown that the flow through concrete is al- 
most directly proportional to the pressure, so that 


Fig. 1.—Permeability Test Blocks. 


for lower pressure the flow will be correspond- 
ingly less. The thickness of the concrete was 
only 8 in. and watertightness increases greatly 
with the thickness. 

In selecting the best percentages of hydrated 
lime for the different proportions of concrete, 
these points, as well as the fact that the 1:3:5 
specimens are slightly older than the others, have 
been taken into account, and as a result of this 
study proportions suggested for general practice 
are 8 per cent. for 1:2:4, 12 per cent. for 1:2%4 :4%, 
and 16 per cent. for 1:3:5 concrete, these per- 
centages of lime being based on the weight of the 
cement. As stated, smaller percentages than 
these, for example, 6 per cent. for 1:2:4, 9 per 
cent. for 1:254:41%4, and 12 per cent. for 1:3:5, 
give results which are satisfactory for many con- 
ditions in practice, while in certain cases a larger 
percentage may be chosen. 

Frequently it is advisable to make special 
studies or tests with the materials available to 
determine the best percentage. 

The sand was ordinary New England bank 
sand and the crushed stone was conglomerate or 
pudding stone, whose quality and general char- 
acteristics for concrete are similar to trap. 

The mechanical analyses of the aggregates are 
given in the accompanying table, the sizes of 
grains being given as the total percentage pass- 
ing the various sieves. 


Making the Specimens.—The apparatus was de- 
signed before making the specimens, and full di- 
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rections covering the details of the measuring 
and mixing of the materials and the making of 
the specimens were prepared in writing and sent 
to the laboratory of the Boston Elevated Railway 
Company, the tests being made by Mr. F. B. 
Edwards, assistant engineer. A working’ draw- 
ing of the specimen, as molded with the apparatus 
required, is shown in Fig. 3. Instead of using 
a wooden mold, the sides were formed by two 
pieces of wrought iron bent to half-circles and 
bolted together. These rested on a plank plat- 
form to form the bottom of the mold until the 
concrete had set. 


MECHANICAL ANALYSES OF THE AGGREGATES, 


No. of Width of Total percentage passing. 
sieve. mesh of sieve. Sand. Stone. 
2 Dia sietore sls 2.00 in, ard 100 
TDA ER sealete sis. 1.50 in, at 2 
I Riki ta etansvets 1.00 in. ee 76.8 
UE Ath end ele kceile 0.50 in. 50 48.8 
Tie pAb cr otehe pte 0.25 in. rf 12.6 
No. Sircenetats 0.16 in. 97 1.8 
ING th et we Manse 0.0583 in. 75.8 1.8 
INiat sao re a 0.0335 in. 59.7 1.3 
Witt 280 oh wte-cicte 0.0148 in. 25.7 Tet 
INO?) s100!. 1506 aie) 0.0055 in. 4.0 0.7 
NIGER 2OOisste en is 0.0030 in. 1.8 0.4 


The proportions were based on volume meas- 
trements, assuming 100 lb. cement to the cubic 
foot, but for greater accuracy in making the 
tests the weights per cubic foot of the sand and 
stone were determined and the measurements 
made by weight. The cement and hydrated lime 
were first thoroughly mixed to give a uniform 
color, then the sand was added and mixed dry. 
The stone was finally added and sufficient water 
used to make a soft, mushy mix, such as would 
be adopted in construction. The mixing was 
very thorough, but no more so than would be 
expected in practice with ordinary mixers. 

Since previous tests by the writer showed that 
the top. of a block as molded is much more water- 
tight than the bottom, because of the fine ma- 
terial which rises to the surface, the specimens 
were made in an inverted position, so that Fig. 3 
shows the specimen upside down when compared 
with its position in the permeability test. The 
iron pipe fittings were placed upright in the molds, 
as shown, fittings which were easily obtainable 
being selected to cheapen the cost. These were 
so placed as to give a thickness of 8 in. of con- 
crete in all directions, and a surface for the water 
to strike against of 12% sq. in., that is, a circle 
4 in. in diameter. The fittings were filled with 
sand before placing the concrete and the top 
covered with oiled paper to prevent the concrete 
getting into the pipe. 

The bottom of the mold was covered with a 
thin layer about %4 in. thick (instead of 1 in., as 
given in the drawing) of neat cement, and neat 
cement was also plastered around the fittings 
which had first. been thoroughly cleaned and 
scraped with a brush, thus forming a perfectly 
tight joint. There was no leakage in any of the 
specimens, in fact, it would appear that it is 
unnecessary to insert the pipe so far into the 
specimen, 2 or 3 in. probably being sufficient. 


When the concrete had hardened, the sand and 
oiled paper were removed from the pipe and the 
surface chipped free from mortar down to the 
clear concrete, the large size of the fittings per- 
mitting a chisel to be readily worked. The top 
of the specimen as molded was also chipped down 
so that the stones were exposed in the surface 
of the concrete. When ready to test, each speci- 
men was stipported by 2 x 4-in. pieces of stud- 
ding, which are shown in Fig. 1, and the fit- 
tings connected with a pipe passing up through 
the ceiling to the floor above. Before connect- 
ing, the fittings were partly filled with sand, thor- 
oughly washed and screened to about 30-mesh 
size. A funnel 2 in. at the top reducing to the 
size of the neck of a large bottle was placed in 
each specimen to assist in collecting the water. 

The concrete in each specimen weighed over 
400 Ib. 

Proportioning the Hydrated Lime.—Few tests 
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have been made to determine the effect of the 
introduction of special materials into concrete to 
increase its watertightness. The percentages of 
hydrated lime to use were determined by apply- 
ing the conclusions derived from tests with grad- 
ed concrete aggregates and the results of the tests 
indicate that mechanical analysis methods can be 
applied to the laying out of permeability tests. 

For the 1:2:4 proportions the percentages of 
hydrated lime were selected partially by judg- 
ment, Irom previous tests by the writer, 2 per 
cent. of hydrated lime had been found to increase 
the watertightness of 1:2:4 concrete made with 
sand and gravel, and 4 per cent. of lime to still 
further increase it. The minimum percentage was 
therefore selected as 4 per cent., and the max- 
imum percentage for the 1:2:4 mix was taken 
as 10 per cent. so as to confine the results to 
comparatively narrow limits. One intermediate 
percentage was also chosen, thus giving 0, 4, 7 
and 10 per cent, for the 1:2:4 concrete. 

Leaner conerete mixtures evidently require 
more fine material for watertightness, because 
there are more and larger voids. Furthermore, 
tests in general indicate that with a lean mix 
we can add much more fine material without 
reducing the strength, and that this addition up 
to a certain limit is beneficial not only for water- 
tightness but also for strength. 

For selecting percentages of lime for the 
1:24%4:4% and the 1:3:5 concrete, which would 
compare with the percentages selected for the 
1:2:4, methods of mechanical analysis were em- 
ployed, the object being to obtain mixtures for 
each of these other proportions which would have 
substantially the same sizes of particles. In Fig. 
4 the mechanical analysis of the cement, sand 
and stone are plotted and a combination curve 
of these three materials made for 1:2:4 and 
1:3:5 concrete. The combined curves are simply 
the mechanical analyses of the mixture of the 
three dry materials in the given proportions. 
(lor description of mechanical analysis methods 
by William B. Fuller, see Chapter XI, “Concrete, 
Plain and Reinforced”; also paper on “The Laws 
of Proportioning Concrete,” by Fuller & Thomp- 
son, in Trans. American Society Civil Engineers, 
Vol LIX, pa67s 

The curves of the individual materials indicate 
the percentages passing the sieves of various sizes. 
For example, taking the curve for the broken 
stone, which is the lower curve, all the stone, 
or 100 per cent,, passes a sieve 2 in. in diameter, 
g2 per cent. passes a 114-in. sieve, 76.5 per cent. 
a i-in, sieve, and so on. The sand and cement 
curves are plotted in a similar fashion. 

Having plotted these individual curves, it is 
possible to calculate the percentages and_ plot 
combined curves showing mixtures of these three 
materials in any given proportions. 

The making of these combined curves is quite 
simple. Thus, for example, to find the point on 
the 1:2:4 curve where it cuts the ordinate corre- 
sponding to the No. 12 sieve, the sums of the 
percentages of the individual materials at this 
same ordinate are taken in the proportion which 
they bear to the concrete mixture. All the ce- 
ment is finer than the No. 12 sieve, and since the 
cement is one part of the seven parts in the mix- 
ture, one-seventh of 100 per cent. represents the 
percentage of cement in the mixture at the given 
ordinate. Similarly, since there are two parts of 
sand in the seven parts, the sand percentage at 
the No, 12 ordinate, 76 per cent., is multiplied by 
two-sevenths, and the stone percentage, 1.8 per 
cent., by four-sevenths, thus giving as the point 
on the No, 12 sieve ordinate in the combined 
curve: 

1/7 X 100 per cent. = 14.3 per cent. = cement 
2/7 x. 76 per cent. = 21.7 per cent, Tt sand 


4/7 x 1.8 per ‘cent. 1.0 per cent, = stone 


7.0 per cent. = 1:2:4 mix 
The other points in the curves are found in a 


similar manner. 
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Permeability depends more upon the gradation 
of the fine particles than of the coarse, and the 
finer material, that is, the left-hand portions of 
the curves, is therefore replotted in Fig. 5 to 
larger scale. Referring to the curves for 1:2:4 
and 1:3:5 proportions, we notice that they are 
quite similar above, that is, to the right, of the 
No. 20 sieve, and that the greatest proportionate 
difference between them is below the No. 40 sieve. 
We may assume therefore that the particles lying 
below the No, 40 sieve are those which chiefly 
affect the watertightness. Therefore, the finer 
sieves, No. 100 and No. 200, must be chiefly used 
in studying the percentages of lime to add. 

Several percentages were tried, and it was 
found that to make the 1:3:5 curve most nearly 
similar to the 1:2:4 concrete, 10 per cent. of lime 
must be added to the 1:3:5 mix. The curves of 
these two mixtures, together with the curves of 
concrete with no lime, are shown in Fig. 5. The 
other proportions were also plotted in the same 
way, but are omitted in the diagram for the 
sake of clearness. 

The intermediate proportions for the 1:3:5 mix 
were thus determined upon as 8 and 14 per cent., 


: Vo. 57, Na. 26. 
bond between the old and new concrete was not 
made with sufficient care. 

Construction of Water-Tight Concrete.—A 
paper on permeability is incomplete without ref- 
erence to the general principles of construction, 
which must be followed to produce a water- 
tight concrete. The concrete materials may be 
perfectly graded and the proper proportions of 
cement and of hydrated lime used, and then if 
the concrete is poorly mixed, mixed with insuf- 
ficient water, or improperly placed, or if joints 
are left in the mass, the wall will invariably leak. 

In the first place, the mixture must be thorough, 
and in the second place, sufficient water must be 
employed to give at least a “mushy” mix, so that 
it will settle into place with only a small amount 
of ramming. 

Fully as important as the mixture is the bond- 
ing of the concrete between two days’ work. 
For a small structure which must be water-tight, 
it is advisable to place the concrete continuously, 
allowing no joint whatever, and not even permit- 
ting the concrete to stiffen up between the batches. 
Even an interruption of an hour in the middle 
of a hot day has been known to form a joint 


100% 


ann nesses oy 20". - Fe arial - 
' i 
ene D) \ 
90% Fhe} 
yf fi ' 
Sh ‘| ri 
so%tat A 
} tah : 
Wr { H 
70% 7s ies j 
we \aki/Heducer g + i 
"\ Connected with & | i i La 
: Gry Noter 60% tt f 4 
16.5 ‘ t 
my ra SI = = = 
8. % fis 8 ® | 5 
0 : + 
% is s s x s 
aS ) ee re F 
pore ave T aint 20n ea 
3702 eh | | I - a= - Jat 
ie at | : val id gH LE | 
504 ik 2 , 
a Gee! |, 
Roo T ait ob <5 Ui 
40% BI r 7s 20% age alee 
( ® be” EN A 
830 Ks U 
n 2 i is [* fy ae i 
L20%HH 10% yf: : 
& ) | \ : 
10% mae 5% 7 : i 


0 Ql” 02" OF ad" 0s" 
10.4 


Gor 00. 5” G08” «008 
Diarnerer of Brricks in laches 
165 


Detail of Specimens, and Curves Showing Various Results of Tests. 


while for the 1:2%:4% proportions, 0, 6, Io and 
14 per cent. were found to correspond with the 
selected proportions for 1:2:4. Since a given 
weight of hydrated lime makes more than twice 
as much paste as the same weight of cement, the 
lime percentages are doubled when combining 
them with the other curves. 

Previous Tests with Hydrated Lime—A few 
permeability tests with hydrated lime admixtures 
made by the writer in 1903 indicated it to be a 
valuable material for waterproofing. Later, in 
1906, when the reservoir at Waltham, Mass. (see 
Engineering Record, Jan. 12, 1907, page 32), 
which is too ft. in diameter and 43 ft. high, was 
under consideration, the writer was consulted in 
the framing of the specifications and made an, 
other series of tests, using as follows: 


PERMEABILITY TESTS OF 1:2:4 CONCRETE FOR WALTHAM, 
Mass., RESERVOIR, 1906. 
Concrete 4 Inches Thick, Pressure 80 Lb. Per Sq. In. 


Percentage of Flow in grams per min. (maximum flow) 


hydrated lime, At 14 days. At21days. At 28 days. 
0 per cent. 5.52 2.92 1.91 
2 per cent. 9.20 2.55 1.63 
4 per cent. 2.82 1.49 0.76 


Percentage of lime is in terms of weight of 
cement. : 

As a result of these tests 5 per cent. of hydrat- 
ed lime was adopted to mix with the 1:2:4 con- 
crete in building its walls. The results were sat- 
isfactory, the only seepage occurring at joints 
formed between different day’s work, where the 


which will allow water to pass. If continuous 
work is impracticable, the old surface of the con- 
crete must be thoroughly cleaned of all dirt and 
laitance or partially set cement, so as to ex- 
pose the concrete. A layer of meat cement 
paste of soft consistency, or else of 1:1 
mortar, should be then spread upon the old 
concrete after thoroughly wetting it, and 
the new concrete laid before this mortar has stif- 
fened. 

The placing of the mortar or paste, however, 
does not preclude the necessity of thoroughly 
cleaning the surface, for if any of the laitance or 
partially set cement is left on the old concrete, 
it will form a joint under the new mortar through 
which water will pass. 

A long wall or a conduit ‘may require longi- 
tudinal reinforcement to prevent temperature 
cracks and therefore leakage through them. 


Tue RAINFALL in New York City during May 
amounted to 9.1 in., the greatest for that month 
during any of the 38 years that the Weather 
Bureau has maintained a station in the city. On 
May 7 and 8 there was a rainfall of 4.16 in., the 
greatest for any 24-hour period during any May 
since the records began. The greatest rainfall on 
record for 24 hours in the city was on Oct. 8 and 
g, 1903, amounting to 9.4 in.; the next record for 
the same period was 6.17 in. on Sept. 23, 1882, and 
the third record was 4.86 in. on Sept. 18 and 
19, 1804. : 


Pa 


——— 


i Ss 


JeNE 27, 1908. 


The New Interlocking Signal System at the 
Broad Street Terminal, Philadelphia. 


Extensive changes in the trainshed yard layout 
have recently been made at the Broad Street 
terminal of the Pennsylvania R.R. in Philadel- 
phia, for the purpose of accommodating the grcat- 
ly increased traffic at that point. During the past 
five years the traffic has increased here about 8 
per cent. annually, the total number of pass- 
engers handled in both directions in 1907 num- 
bering over 21,000,000. The regular train move- 
ment in and out of the station per 24 bours has 
now increased to 568 trains for each week-day. 
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The present layout of the station-yard tracks 
is shown.in the accompanying plan-drawing. The 
trainshed tracks converge sharply into six tracks 
on the approach viaduct at Eighteenth Street, 
approximately 650 ft. west of the outer end of 
the trainshed, which form the main connections 
to the trainshed tracks, the seventh track to the 
south being a siding. Beyond Eighteenth Street 
there are two ladder tracks, which connect the 
eight tracks that extend westward from this 
point, and have double slips at every crossing. 
The yard layout is greatly simplified by the ab- 
sence of coach and engine storage tracks, there 
being, in fact, but three stub-tracks and the siding 


i 


— 


ae 


roe 7 


View of Signal Bridge No. 4, Showing the New Form of Signal. 


As a result of this growth of traffic, it became 
necessary to provide additional trackage and 
other facilities at the terminal for increasing the 
speed at which trains may be handled. Owing, 
however, to the limitations of the right-of-way 
entering this terminal, through the densely built- 
up section of the city, extensions of the station- 
yard layout were not possible, except for a slight 
increase in the length of the trainshed tracks and 
platforms. The latter was provided by the re- 
moval of a small building at the outer end of 
the trainshed on the southerly side, and this, with 
a revision of the trainshed track switching con- 
nections, has permitted a considerable increase in 
the length of the tracks in the shed; the shortest 
track in it is now 600 ft. in length, as compared 
with 480 ft. before the change, while’ the more 
important ones have been made 1,000 ft. long, 
and now I9I cars may be accommodated on the 
trainshed tracks as against 152 cars before the 
enlargement. Further than this, no changes in 
the yard trackage were possible, the yard layout 
consisting of 16 trainshed tracks approached by 
8 tracks on the viaduct leading from West Phila- 
delphia. 

Increased speed in the handling of trains was 
therefore sought by the new system of speed 
signaling, that has been tried out at other points 
on the Pennsylvania system and to which refer- 
ence has previously been made in this journal 
(March 16, 1907). This system involves the use 
of three position signals, with signal arms mov- 
ing in the upper quadrant, and with all of the 
high signals semi-automatic in action. With the 
new system of signals, there has also been intro- 
duced the use of track circuits for locking the 
switch levers, enabling the complete elimination 
of mechanical detector bars on the tracks at 
switching points in the yard, an arrangement 
which was introduced in its present form at sev- 
eral electro-pneumatic interlocking plants on the 
Pennsylvania R.R. in 1903-4, and has been applied 
at other plants on the system since that time. 
These novel features combine to render the plant 
one of the most modern and interesting signaling 
and interlocking installations in use. 
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some 250 ft. to the westward upon the Eighteenth 
Street bridge, which would be a more central 
location with-respect to the station yard and thus 
give the signalmen a clearer view of the train 
movements. 

The switching and signalling of. the yard is 
operated by an interlocking equipment on the 
Westinghouse pneumatic system, which embraces 
the usual features of electric control of switch 
and signal movements and mechanical locking, but . 
at the same time has incorporated with it the 
new feature of route-locking applied by means 
of track circuits, and on the machine, track cir- 
cuit indication lamps which are arranged in con- 
nection with the switch levers to indicate the 
passing of trains over the track circuits. The 
interlocking machine has a total of 107 levers, 
of which 18 are spare levers, held in reserve, 
and of the remainder, 47 switch levers operate 
158 switches and slips, with movable point frogs, 
and 42 signal levers control 100 signals. The 
machine is of the construction that is usual with 
the Union Switch & Signal Co., for the electro- 
pheumatic system, with the exception that, owing 
to the multiplication of circuits introduced by the 
use of track detector circuits for locking, the con- 
tact rollers at the rear of the machine have been 
placed in vertical position to provide adequately 
for the large number of contacts necessary on 
some of the rollers. The rollers are connected 
with the main horizontal lever shafts through 
simple bevel gear drives, and with the contact 
plates in this vertical position at the rear of the 
machine, the combination has proven very accessi- 
ble and convenient. The track circuit indication 
lamps consist of small incandescent lamps ar- 


View of the Rearranged Trainshed Yard at the Broad Street Terminal, Philadelphia. 


above referred to at the south side of the train- 
shed track leads, which are used for anything 
but passenger traffic, these tracks being assigned 
to the express company. There are in the portion 
of the yard devoted to passenger traffic, 34 single 
switches and 20 double slip switches, which it is 
mecessary to protect for through movements. 
These comprise that portion of the station yard 
and approach tracks lying approximately 2,000 ft. 
to the westward of the trainshed, and they are 
operated from a signal tower, lying on the north- 
erly side of the yard, about 4oo ft. west of the 
outer end of the trainshed, which was used in 
connection with the former system and is known 
as cabin A. It is proposed, however, to relocate 
the interlocking machine in a new cabin located 


ranged for each of the switch levers of the ma- 
chines which are lighted and extinguished by the 
action of the track circuits in the yard directly; 
they so operate as to extinguish all lamps of the 
switches involved in the route when trains pass 
the signal of the route, and to light each lamp 
up again as soon as the train has passed from its 
track circuit and cleared its switch, the lamps 
then remaining lighted as long as the switches 
are clear. 

One of the novel features in this plant is the 
method of route locking used, which consists of 
the lo.king through the medium of the track cir- 
cuits of all switches in a route when trains pass 
the signals of the route, and the release of each 
switch in the route by the train as the latter clears 
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the track circuits governing it. Route locking, 
as heretofore applied, referred to automatically 
locking the entire route when a train passes the 
signal and holding the route locked until the 
entire train has passed completely over the route. 
But because.of holding all switches in the route 
locked until the last pair of wheels of the train 
has passed off the entire route, that form of route 
locking was precluded from use in busy terminals 
similar to this, and in complicated track layouts, 
where step by step movements of trains are fre- 
quent; where interchange of traffic is the rule 
rather than the exception in operation; and where 
shunt or drill movements are very prevalent. Un- 
der such conditions switches are frequent and 
usually lie along the entire route which may be 
set up, and should the locking be held under the 
above conditions in the rear of a train passing 
over the route, switches which might be ad- 
vantageously shifted in the rear of this train for 
other train movements that could be made with 
entire safety, would be still locked up, and hence 
serious tie-ups in the operation of the plant would 
result. 

The method of route locking as here applied 
with the releasing feature, whereby switches in 
the rear of a train on a route are released as 
fast as the entire train clears the fouling limits, 
permits of the application of this locking to this 
class of service. In this system all track circuit 
relays are repeated through relays in the tower, 
and these relay contacts intervolved with the 
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nections and apparatus in the vicinity of the 
switches and along the rails adjacent to and 
forming the switches. With the use of the de- 
tector locking circuits, this entire detector-bar 
apparatus is eliminated—enhancing the appear- 
ance of the tracks involved, in the interlocking 
considerably and obviating the troubles from 
packing wi'h snow and ice in winter. 


Signal Bridge No. 3 and the Outer Yard. 
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Both arms have the horizontal or stop position 
as their normal indication, the two other posi- 
tions consisting of an inclination of 45 deg. and 
pointing vertically upward, although the lower 
arm is never raised above the 45-deg. position. 

The significance of these indications is, as stat~ 
ed in the previous article upon this system of 
signalling (March 16, 1907), as follows: Hori- 
zontal position or red light at night—stop; arm 
inclined at 45 deg. or green light at night—pro- 
ceed with caution to the next signal, at which 
be prepared to stop; pointing vertically upward 
or white light at night—proceed at speed on a 
clear track, the next signal being at clear or 
caution. As the arms remain normally horizontal 
in position and showing red light at night, and 
are in all cases moved one at a time, an engineer 
cannot pass a signal bridge unless the signal for 
his particular movement is at caution or clear, 
the other signal on that post being invariably at 
danger. The lower arm inclined-45 deg. upward 
indicates that the engineer may proceed with cau- 
tion expecting to find the track occupied between 
that signal and the next. The method of raising 
the arm above horizontal, for the caution and 
clear indications, has distinct advantage over the 
usual practice of lowering it, in that accumula- 
tions of ice and sleet during winter storms tend 
to throw the signal to danger rather than to cau- 
tion or clear. 

An advantage of the use of the track detector 
circuits and route locking is that all high signals 
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Plan of the Broad Street Terminal Yard Showing Location of Signals and Arrangement of Track Circuits. 


spring combination on the machine—the well- 
known method of controlling circuits in the elec- 
tro-pneumatic type of “machine, constitute the 
medium of controlling these electric detector 
switch locking and route locking circuits. ‘ The 
actual locking of the switch levers is accom- 
plished through the medium of the indication 
magnetic locks on the machine, which lock the 
switch levers in the normal or reversed posi- 
tion in the usual manner. 

Mechanical. detector bars have, with the use 
of the track circuits for automatic switch lock- 
ing, generally known as “electric detector switch 
locking circuits,” been entirely eliminated from 
the switches of the yard layout, and this method 
of locking the switches while trains are passing 
over them is considered a great improvement over 
the detector-bar method. In large and complicat- 
ed track layouts, such as the one here described, 
the problem of properly applying detector bars 
to switches, including double slip switches and 

” movable point frogs, becomes somewhat difficult, 
and their application involves the use of con- 
siderable apparatus in the way of moving con- 


The other novel feature of the installation is 
the use of the new form of three-position signals 
with arms moving in the upper quadrant. It is 
essentially a form of speed signalling, provisions 
being made in this system for three different 
speeds of train movements, thus enabling high- 
speed, medium speed and low speed, the latter 
for movements where the speed of the train must 
be kept absolutely under control, as in cross-over 
or switching movements. Owing to the proximity 
of this plant to the terminal, however, only medi- 
um and low speed movements of trains were prac- 
ticable and accordingly, but two signal blades 
were provided on each mast, the upper arm au- 
thorizing medium speed movements, which are 
limited to 15 miles an hour in the terminal and 
the lower arm, which is of shorter length, low 
speed movements under absolute control. The 
signal arms are located uniformly 12 ft. apart 
on the mast, the upper arm being mounted on a 
section of the signal mast projecting above the 
signal mechanism box which rests on the signal 
bridge, while the lower arm is mounted on a 
suspended mast about 3 ft. below the bridge floor. 


are rendered semi-automatic, every signal arm 
controlling a route, going to danger immediately 
on the passage of a train through its track cir- 
cuit. These signals cannot then be cleared until 
the train has passed out of the track circuit con- 
trolling that arm and in addition the signal lever 
on the interlocking machine has been put back 
to normal. Thus all signals are kept in the 
danger or stop position except as the signalmen 
clear them and the signals must be cleared for 
each and every train movement. 

The switch and signal mechanisms-are of the 
usual construction of the Union Switch & Signal 
Co., slight modifications only being necessary in 
the blade mounting and operating mechanism. 
Six and eight point relays are extensively used in 
the plant, there being in all, 434 relays used of 
both the six and eight point types. The repeater 
and locking relays, which are operated at 16 volts, 
are wound for 1,000 ohms, and the track circuit 
relays are wound for five ohms. There are about 
800,000 ft. of No. 12 insulated wire used in the 
installation. 

For the supply of current to “A” tower, ‘that 
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controls the station yard, there are two inde- 
pendent groups of storage batteries, one to sup- 
ply current for track circuits and the other for 
the machine, the indicators, block instruments 
and electric light indications. Both the track cir- 
cuits and machine are dependent ordinarily upon 
the batteries, but can, when occasion arises, be 
supplied direct from the generators. The bat- 
teries supplying current to track sections consist 
of two groups, each group consisting of two 
sets of six calls in series, the two sets being in 
multiple, of the 9E type. They are so wired that 
one group is charging while the other is dis- 
charging, there being a constant discharge of 16 
amperes. The groups are shifted from charge to 
discharge every twelve hours. The batteries sup- 
plying current for the machine, indicators, indi- 
cating lights, etc., consist of two groups of 
Chloride 9E cells, in series multiple and so wired 
that one group is charging while the other is 
discharging. There is a constant discharge of 


30 amperes and the groups are shifted every. 


twelve hours. 

At present, the batteries for track circuit work 
are charged from a mercury arc rectifier of 25 
volts and 50 amperes capacity, while those for the 
machine are charged from two alternating-cur- 
rent motor-driven generators of the vertical type, 
each generator having a capacity of 25 volts and 
25 amperes. The installation of the final ar- 
rangements for charging these batteries will soon 
be completed and will consist of two mercury 
arc rectifiers of 25 volts and 50 amperes capacity, 
one for charging the track batteries and the other 
for the machine batteries. There will be also a 
direct-current r10-volt motor of 5-h.p., with two 
independent generators coupled to the same shaft, 
each generator of 25 volts and 50 amperes capac- 
ity. One generator will furnish current for track 
circuit batteries, and the other for the machine 
batteries, and this outfit is to be run ordinarily 
while the batteries are being charged and the mer- 
cury arc rectifiers will be held in reserve for 
emergency use. 

The new interlocking plant was designed by 
the signal department of the Pennsylvania R.R. 
under Mr. Geo. D. Fowle, formerly signal engi- 
neer. Mr. A. H. Rudd is now signal engineer, 
and Mr. C. C. Anthony, who devised the new 
track detector circuit-system of locking, the as- 
sistant signal engineer. Mr. W. P. Allen, in- 
spector of signals, had charge of the circuit plans. 
The equipment was installed under the direction 
of Mr. J. E. Gillmor, supervisor of signals, Phila- 
delphia Terminal Division, and under the imme- 
diate supervision of Mr. B. F. Ohler, assistant 


“supervisor of signals at the Broad Street terminal, 


Philadelphia. 


Tue Ruppte Concrete placed in the Granite 
Reef dam of the U. S. Reclamation Service during 
March amounted to 1,977 cu. yd., of which 437 
cu. yd. consisted of rock imbedded in the con- 
crete. According to the “Reclamation Record,” 
the total expense connected with the quarrying, 
hauling and placing of the rock was $2.70 per 
cubic yard. The itemized cost of the concrete was 
as follows: Building forms, 30 cents; hauling 
gravel, 67 cents; hauling cement, “12 cents; con- 
creting, 61 cents; maintenance and operation of 
track and chute, 5 cents; power, 4 cents; cable 
expense, 17 cents; imbedded stone, 16 cents; 
general expenses, 35 cents. This makes the total 
cost of the concrete, exclusive of cement, amount to 
$2.47. The cement used in the work cost approxi- 
mately $1.85 per barrel. Laborers were paid $2 
and $2.25 per day, carpenters at the rate of $3 to 
$4 per day, and teamsters at the rate of $2.25. 
The item of general expense includes the proper 
proportions of the general office charges, the 


salaries of the constructing and assistant engineers 


and their parties, and the wages of the general 
foremen and the time-keepers. 
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The Navigation Resources of American 
Waterways. 


The present condition of the water transporta- 
tion system of this country and of English, French 
and Germany waterways was summarized by 
Prof. Emory R. Johnson, of the University of 
Pennsylvania, in an address for the recent con- 
ference on the conservation of natural resources 
at the White House. The author’s high standing 
as a specialist in transportation and commercial 
affairs gives much weight to the following state- 
ments abridged from that paper. 

The inland waterways of the United States 
comprise about 25,000 miles of navigated rivers, 
a nearly equal mileage of streams that can be 
made navigable by the improvement of their 
channels and the regulation of the flow of their 
waters, the five Great Lakes with a combined 
length of 1,410 miles, and 2,120 miles’ of+ oper- 
ated canals. In addition to these rivers, lakes and 
canals there are 2,500 miles of sounds, bays and 
bayous, capable of being converted by means of 
connecting canals aggregating less than 1,000 
miles in length, into an inner route for the coast- 
wise traffic of the Atlantic and Gulf. The water- 
ways in our country—rivers, canals, lakes and 
coastal channels—have an aggregate length of 
between 55,000 and 60,000 miles, and only about 
half of the entire mileage is now used for navi- 
gation. | 

The total appropriations made by Congress 
from the beginning to 1907 for the rivers of the 
Mississippi Valley amount to $208,484,720. Over 
$17,000,000 of this total were expended upon the 
Mississippi River, between New Orleans and the 
Gulf, and had reference rather to maritime than 
to inland commerce; and on some rivers, particu- 
larly the Mississippi, appropriations have been 
largely spent in levee construction and other work 
which, while indirectly helpful to navigation, was 
intended primarily to prevent the rivers from de- 
stroying the lives and property of those living 
on or near its banks. With the exception of the 
Ohio (including the Monongahela and Kanawha) 
and Mississippi and a few other large rivers, 
relatively little has been expended since 1890 by 
the Federal Government in bettering river navi- 
gation. The United States has spent during the 
past hundred years in regulating, improving and 
extending our system of natural waterways only 
4% per cent. of the amount private capitalists 
have invested in the construction of railways. 

Portions of 23 streams have been canalized 
to. an aggregate length of 1,520 miles in 1906. 
This was a gain of but 442 miles over the figures 
for 1880. 

The United States operated 12 canals in 1906 
with a combined length of 78.19 miles. These, 
however, were constructed to overcome obstruc- 
tions to lake and river navigation and were not 
independent waterways. In 1907 the Hennepin 


- Canal from the Mississippi River at Rock Island 


to the Illinois River at its great bend was put in 
operation by the United States, and this water- 
way, 96 miles long, is the first of its kind to be 
managed by the Federal Government. The only 
really important State canal is the Erie, now 
being modernized by the people of New York. 

Provision was made 21 years ago for the sys- 
tematic collection and regular publication of de- 
tailed statistics of the railroads and their traffic; 
but as yet Congress has provided no machinery 
for recording and making public the facts con- 
cerning either the commerce moved or the craft 
operated coastwise or upon our inland waterways. 
The highly valuable reports of the United States 
Commissioner of Navigation contain classified in- 
formation regarding documented American ves- 
sels, the aggregate tonnage of which is about six 
and a half million tons; but there is an equal ton- 
nage of undocumented craft not included in the 
tables published by the Bureau of Navigation. 
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Comparatively few people are aware of the fact 
that American shipping has a total tonnage of 
over 13,000,000 tons gross register. Similarly, the 
publications of the Bureau of Statistics contain 
no statistics of the mileage of our inland water- 
ways, no information as to the commerce moved 
coastwise, very little data regarding river traffic, 
and only such figures concerning canal ship- 
ments as are collected by the States. The sta- 
tistics of the traffic on the Great Lakes are com- 
piled, but even these statistics are acknowledged 
not to cover all the commerce moved on the 
Lakes. The Bureau of the Census has about com- 
pleted a report on “Transportation by Water” in 
the United States in 1906. This, like the pre- 
ceding report of that Bureau made in 1889, is a 
valuable document, exceptionally complete as re- 
gards American shipping, but necessarily 
satisfactory regarding passenger and freight 
traffic, for the simple reason that full and ac- 
curate information regarding traffic cannot be 
obtained until machinery shall have been provided 
for the systematic and daily recording of freight 
and passenger movements. 

The most rapid growth since 1889 has been in 
the commerce of the Great Lakes, which rose 
from 25,266,978 tons of shipments in 1889, to 
75,610,690 tons in 1906. The port to port traffic 
of the Mississippi River and its tributaries in 
1906 amounted to 19,531,093 tons of freight. 
There was also handled locally in and about the 
harbors, 8,325,548 tons, making a total of 27,856,641 
tons for the rivers of the Mississippi Valley. In 
1899 the figures were 29,401,400, there having been 
a decrease of 1,544,768 tons in the 17 years. The 
freight handled on the other inland waterways 
of the United States experienced a very large 
decline during this period, the total tonnage of 
freight carried having fallen from 11,221,224 tons 
in 1889 to 3,944,655 tons in 1906. 

In order to make the statement of traffic com- 
plete the passenger business must be included. 
The highly efficient steamers of the lake lines 
carried 14,080,146 passengers in 1906; the figures 
for 1889 were 2,235,993, the increase during the 
17 years being 529.7 per cent. There was also 
an increase of 30 per cent. in the passenger 
trafic handled on the Mississippi River and its 
tributaries, the figure for 1889—10,858,894— 
having risen by 1906 to 14,122,241. It should be 
noted, however, that this increase was due more 
largely to the growth in short distance travel 
and in ferry traffic than to an increased patronage 
of the river steamboats operated over the longer 
routes. The passenger traffic on the other inland 
waterways of the United States in 1889 is not 
known, but it amounted to 1,877,889 in 1906. 

A-comparison of the United States with some 
of the leading countries of Europe as to the ex- 
tent to which the navigation resources of each 
country have been developed, and as to the 
traffic uses made of inland waterways, will con- 
tribute to a clearer appreciation of the facts con- 
cerning the United States. 


Great Britain—Although Great Britain is of 
small territorial area and has not followed the 
policy adhered to by the continental countries of 
retaining the inland waterways as public high- 
ways to be developed by the government, the 
mileage and traffic of her streams and canals are 
by no means insignificant. The tidal coast line 
of Great Britain, 3,900 miles in length, is supple- 
mented by about 4,000 miles of canals and im- 
proved rivers. The traffic on these inland water- 
ways, exclusive of the coastwise maritime com- 
merce, amounted to 37,426,886 tons in 1808, the 
latest year for which official Board of Trade 
statistics are obtainable. 

The five principal estuaries of England—the 
Mersey, Humber, Wash, Thames and Severn— 
are connected by 19 through canal routes. Nine 
of these through routes reach Severn ports, nine 
have London termini, ten reach Liverpool and 
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five terminate at Hull. The traffic is most active 
on the canals in central and northern England. 
The 642 miles of waterways in this highly de- 
veloped industrial district moved 23,500,000 tons 
of freight in 1898. The canals reaching Birming- 
ham had 7,750,000 tons of traffic. 

There is a widespread sentiment in the United 
Kingdom that the country has made a mistake 
in permitting its waterways to pass largely into 
the control of the railroads. Somewhat over 
two years since a Royal Commission on Canals 
was appointed to make a thorough investigation 
of the inland waterways of the country and their 
uses for navigation and other purposes. This 
body has gone about its work with the thorough- 
ness characteristic of British royal commissions, 
and a comprehensive report will soon be issued. 

France—France has developed her inland 
waterways more systematically and completely 
than has any other of the larger European coun- 
tries. There are 3,062 miles of canals now in 
operation and 4,500 miles of rivers—largely as 
the result of canalization—are used for naviga- 
tion. Prior to 1880, the greater portion of the 
freight business of the country was handled on 
the waterways. Since then the development of 
the railroads has naturally enabled them to ex- 
ceed the waterways in tonnage; but the water- 
ways have, none the less, transported a steadily 
increasing tonnage. During the 20 years from 
1885 to 1905 the freight tonnage rose from 
19,573,000 to 34,030,000 metric tons. The ton- 
milage of the water-borne traffic amounted to 
3,178,000,000 in 1905 and was more than double 
the total for 1885. All the waterways of the 
country, with the exception of 160 miles (75 of 
which are owned by the city of Paris), are public 
ways improved and maintained by the State. 
Their use is free, toll having been abolished in 1880. 

Germany—The policy of Germany in the de- 
velopment of her inland waterways is peculiarly 
instructive. The canals and navigable rivers of 
that empire, not including the. tidal portions of 
the rivers navigated by sea-going vessels, have 
a total length of about 7,600 miles, of which about 
6,250 miles may be considered to be commercially 
important. Three-tenths of the 6,250 miles con- 
sist of canals and slack-water river navigation, 
and seven-tenths of river courses improved with- 
out the construction of dams and locks. The 
railway mileage of the country is 34,000, some- 
what over six times the length of the waterways 
actively used for commerce. 

The tonnage of the shipments and receipts of 
freight transported on the German waterways in 
1875 was 20,800,000 metric tons. The figures for 
1905 were 103,400,000 metric tons, there having 
been an increase of nearly 4oo per cent. The ton- 
mileage of this water-borne commerce in 1875 was 
1,812,500,000, and in 1905, 9,375,000,000—a gain of 
over 400 per cent. The ton-mileage of the railroad 
freight traffic in 1875 was 6,812,500,000, and in 
1905 the total was 27,875,000,000. The gain in 
the railroad traffic was far greater absolutely; 
but the percentage of increase in water traffic 
was larger, although the length of the waterways 
in 1905 was not much greater than in 1875, 
whereas the railway mileage had more than 
doubled during that period. 

The density of traffic on the German water- 
ways much exceeds that on the railroads. The 
number of tons carried one mile per mile of 
waterway rose from 290,000 in 1875 to 1,500,000 
in 1905; the corresponding figures for the rail- 
ways were 410,000 tons carried one mile per mile 
of line in 1875 and 820,000 in 1905. The relative 
importance of the traffic of the railways and 
waterways in Germany is shown by the fact that 
25 per cent. of the total ton-mileage of rail and 
water traffic in 1905 was water-borne, and 75 
per cent. moved upon rails. Thirty years earlier 
the waterways had 21 per cent. and the railroads 
had 79 per cent. of the combined ton-mileage. 
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The primary reason for the decline in the use 
of American canals of such small dimensions 
and river channels so shallow as to permit the 
use only of craft capable of transporting 100 to 
200 tons of cargo, is to be found in the very suc- 
cess which the railways of the United States have 
had in providing cheap transportation for heavy 
and bulky commodities. In no other country of 
the world have rail transportation costs been re- 
duced to such a low figure. The ability of our 
railroads to handle this class of traffic has re- 
sulted largely from the fact that by far the 
greater share of the tonnage of American rail- 
roads consists of such bulky commodoties as coal, 
iron ore, lumber and grain, which can be handled 
not only in carload lots but in train loads and 
which, from the very size of our country, must be 
moved long distances in order to reach the man- 
ufacturing centers of the United States and the 
primary markets within and without our borders. 

In many other countries it has *been found 
more economical to do the heavier transporta- 
tion work by making large use of waterways, 
and to develop the railway traffic more particu- 
larly with reference to the speedy movement and 
schedule delivery of parcels, packages and gen- 
eral commodity freight. This organization of the 
transportation service by rail is possible where 
there is a division of the transportation work be- 
tween the railroads and waterways, and it results 
in the close co-ordination of railroad freight 
traffic with the wholesale and retail trade. It 
enables merchants and manufacturers to reduce 
capital costs and warehousing expenses to a mini- 
mum. It meets the needs of densely populated 
and highly developed industrial countries, such 
as France and Germany, and especially of such 
a country as Great Britain, for, although the in- 
land waterways of Great Britain are, as a whole, 
less carefully developed than are those of France 
and Germany, a large share of the domestic com- 
merce of the United Kingdom is carried by water. 
The navigation services which most countries can 
secure only by means of inland waterways, the 
island of Great Britain, with its 3,900 miles of 
tidal coast, obtains from the surrounding ocean, 
the best of all highways. 

Such .an organization of the business of trans- 
portation as has been worked out in the three 
European countries just mentioned, does not re- 
sult in as low average freight rates by rail as 
prevail in the United States; but the costs of 
wholesale and retail distribution and of many 
manufacturing activities are undoubtedly less 
than they would be were the people of Europe 
served almost entirely by railroads and not by 
railroads and waterways. Our dependence upon 
railroads, almost exclusively, for the movement 
of bulky commodities long distances even at low 
average rates, while we at the same time neglect 
the development and use’ of our inland water- 
ways, does not necessarily mean that we have 
organized our work of production and distribu- 
tion in the most economical manner. Indeed, 
there can be little doubt that as social and in- 
dustrial conditions in the United States approach 
more closely those prevailing in Europe, we shall 
find it increasingly desirable to provide ourselves 
both with well-developed waterways for handling 
much of our bulky traffic, and with railroads 
more efficient than present conditions permit them 


to be in the handling of.package freight. We, as. 


well as Europe, will find it profitable to minimize 
capital and warehousing costs. 

The construction of canals and the improve- 
ment of rivers in the United States have 
progressed slowly, in part at least, because the 
Federal Government has in the past left to the 
States the work of canal building, and, to some 
extent, the canalization of rivers. Several of the 
States, after having made costly mistakes in the 
execution of their earlier works of internal im- 
provement, have been disposed to leave to private 
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capital the creation of such waterways as special 
business interests might find it profitable to estab- 
lish. In many instances the States have thought 
best to dispose of their waterways to the railroad 
companies, which have generally found it un- 
profitable to maintain both rail and water. routes. 
The policy of leaving the development of water 
transportation to any considerable extent, either 
to the States or to private corporations, is now 
realized to be wrong in theory and unsatisfactory 
in practice. 


Tests of a Street-Cleaning Machine in New 
York City. 

A new street cleaning machine for cleaning 
sheet asphalt is being tested by the Department of 
Street Cleaning, New York City, in the Borough 
of Manhattan. It consists of a watering device, 
behind which is a roller or “squeegee,” to which 
stiff rubber strips are fastened in spiral fashion. 

The machine is about 12 ft. long over all and 
carries a 500-gal. water tank. The three sprin- 
kling pipes are located between the front and rear 
axles, and the roller which does the sweeping is 
hung from the rear axles on a frathe behind the 
machine. The roller consists of a core, Io in. in 
diameter, into which the rubber strips are fast- 
ened. There are twenty-four of these strips, each 
¥% in. thick, projecting 4% in. from the core, so 
that the size of the roller is about 19 in. The 
strips are placed spirally and this, combined with 
the stiffness of the rubber, keeps them from turn- 
ing down easily or “flopping.” The roller is 7 ft. 
long and placed at an angle similar to the re- 
volving brooms of the ordinary street sweeper. 
It is revolved in a direction opposite to the move- 
ment of the machine by gearing from one of the 
rear wheels. 

The trials in New York City began on June 5, 
and have been confined to Fifth Ave. and the 
cross-town streets south of 44th St., from First 
Ave. west to Sixth Ave. The number of yards 
swept per day during the first four days and the 
number of tanks of water used are shown in the 
table. 

Square Yards. Tanks. 


NARI TESA, << s whe ve, ainda Sioa NCR ea 50,000 I2 
INO G SAAS sig ee len, se ie RANG RES OOO 40,559 10 
aU UUGUG EIS) arate Joi ca taitjern ta ors: anche aaa reenate 46,888 124 
JMS SOs 2. <cubea late sso Gleam etete ie eeee 54,833 Ir 


These figures show an average consumption 
varying from I-10 to 1-8 of a gallon per square 
yard. The work on June 5 and 9 represents about 
7 hr. of actual work on the pavement, and on 
June 6 and 8 about 6 hr. 

While the department has not as yet drawn any 
conclusions as to the operation of the machine, 
the results in general seem to be satisfactory. 
The fine dust, horse droppings, oil, and slime are 
removed better than by hand sweeping or revolv- 
ing-broom machines. The rubber strips appear 
to bear with considerable force against the pave- 
ments and to enter the small hollows and waves 
of the surface. The amount of pressure is in- 
dicated by the fact that the strips pick up a great 
number of small pins, which are deeply imbedde 
in the rubber. y 

The machine is built by. the Kindling Machinery 
Co., Milwaukee, Wis. 


A 4,000-H.-P. STEAM ENGINE of the double hori- 
zontal type at the central electric generating sta- 
tion at Brussels, Belgium, has shown a consump- 
tion of 9.6 Ib. of steam per indicated horse-power 
hour with loadings from half to full load. The 
engine, which was built by the Van Den Kerchive 
Engine Co., of Ghent, has valves of the piston 
type, vertically arranged and operated from a lay 
shaft, and has 34% and 60 by 60-in. cylinders. The 
ratio of areas of high-pressure to low-pressure 
cylinders is 1 to 2.97, the speed, 83 r. p. m. and the 
piston speed, 828 ft. per min. 
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Experiments on the Preliminary Treatment 


of Potomac River Water at 
Washington. 


Abstract of a Report to Major Spencer Cosby, Corps of 
Engineers, U. S. A., by franck F. Longley, Chief 
Chemist and Assistant Superintendent, 
Washington Filtration Plant. 


When the question of the purification of the 
Potomac water for the District of Columbia was 
before Congress, controversy arose as to the best 
means of purification. The final note of the con- 
troversy was sounded in the report of Messrs. 
Hering, Fuller and Hazen, of Feb. 18, 1901, in 
which they concluded as follows: 

“In consideration of the full evidence, we 
recommend the construction of a complete system 
of slow, or sand filters, with such auxiliary works 
as may be necessary for preliminary sedimenta- 
tion and the use of a coagulant for part of the 
time.” 

Subsequent to this report, appropriations were 


made for the construction of slow-sand filters, 


provision being omitted for the preliminary works 
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incident with periods of high turbidity in the raw 
water; and from the results obtained at the ex- 
perimental filters, given in one of the accompany- 
ing tables, it is clear that these periods of high 
bacterial content in the filtered water might be 


entirely avoided by proper preliminary treatment. 


TaBLeE 1.—Daity BactTertaAL CONTENT AND TURBIDITY IN 
FIttTereD-WateR Reservoir AT Main Pranvt. 
Bacteria. Turbidity. 
—_Nov. 1, 1905 to Feb. 1, 1908.—, Oct. 7, 1905, to 
Jan. 1, 1908.- 


Count between No. of Turbidity. No. of 
Days. Days. 
0-20 per cubic centimeter 291 t or less 438 
20-40 «‘S cs is 245 2 II 
rey ae “ “ 63 3 16 
GorkGn oe “ “ ae 2 5 
80-100 “ se SS 28 5 46 
100-200 “ a “ 29 6 47 
200-300 “ ef Ss 13 vi 2 
300-500 “ “é “cc oe 8 Bs 
500-1000 es “e ““e 5 e 9 > aus 
10 14 
TI-12 17 
13-15 II 
16-20 5 


To the majority of consumers, the removal of 
the large quantities of clay that used to fill the 
system at frequent. intervals been 


has more 


heartily appreciated than the removal of bacteria. 
A thorough removal of this clay, therefore, was 


Sedimentation Basins and Building at Experimental Plant. 


upon the recommendation of the late Col. A. M. 
Miller, dater Feb. 28, 1903, based upon the under- 
standing that they could be installed, if desired, 
after a period of operation of the slow-sand 
filters. : 

A year’s operation of the filters showed results 
that were generally satisfactory, but with room 
for improvement; and in view of this and of the 
conditions above mentioned, it was decided to 
institute these experiments as a basis for further 

recommendations if called for. 

Operating Results at Main Plant—The imme- 
diate excuse for the construction of the Wash- 
ington filters was the high typhoid rate. There- 
fore, the point hoped for primarily in the opera- 
tion of the plant was a bacterial content beyond 


criticism. ‘ 

The average bacterial content of the filtered 
water has been, for months at a time, from Io 
to 20 bacteria per cubic centimeter, thus proving 
the capability of the filters for an excellent puri- 
fication under proper conditions. The number 
of bacteria in the filtered water reservoir has ex- 
ceeded the limit set by the German authorities, of 
roo per cubic centimeter, during 7 per cent. of the 
time, and has at times exceeded 500 or 600; and 
occasional counts from many of the individual 
filters have been much higher than that. 

The bacterial condition of the water from the 
filtered-water reservoir, as determined by gela- 
tine counts, may be seen from the accompanying 
table. 5 

The occasions of high bacterial content are co- 


ces 
io) ace 


also desired. When the turbidity of the water 
applied to the filters is low, and conditions are 
favorable for a good removal, the turbidity of 
the filtered water is almost zero. During times 
of high turbidity in the applied water, however, 
some of the clay goes through into the effluent 
and produces decided turbidities therein. During 
the period of 27 months, from Oct. 6, 1905, to Jan. 
I, 1908, the turbidity of the filtered water ex- 
ceeded 5 for 18 per cent. of the time. A turbidity 
of 5 is quite appreciable in a glass of water and 
plainly evident in a white bowl or tub; and the 
higher turbidities, which have been present up to 
a maximum of 20, are decidedly objectionable. 

Object of Experiments—In the controversy 
above referred to, the principal method of pre- 
liminary treatment considered was 
coagulation by means of aluminum sulphate, fol- 
lowed by an ample period for chemical reaction 
and thorough sedimentation before the water 
reached the filters. It was known, definitely and 
certainly, that this method would give the results 
desired. In view of opposition to the use of 
chemicals in the purification process, however, it 
was desired to know whether equally satisfactory 
results could be produced by any means which 
did not involve the use of a chemical. [A short 
description of the Experimental Plant and the re- 
sults of the early months of operation were given 


in The Engineering Record of May 25, 1907, . 


and a summary of results in the issue of Aug. 


3, 1907.] 


The essential points of the problem, then, may 


occasional | 
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be stated as follows: 1. To examine into and 
test devices that involve purely mechanical prin- 
ciples, to determine whether any of these devices 
are capable of preparing the Potomac water so 
that when applied to the sand filters, the final 
effluent obtained will be equal in quality to that 
obtained by the proposed method of coagulation. 

2. To show the improvement in quality that 
might be expected in the final effluent at the 
filtration plant, due to the application of the best 
of the preliminary processes tried. 

Expervmental Plant—At the experimental filter 
plant at Dalecarlia Reservoir there are three sand 
filters, of reinforced concrete, each one a round 
tank Io ft. in diameter and 8% ft. deep. To these 
are applied the effluents from three devices for 
giving the water a preliminary treatment. The 
construction of the filtering medium of the three 
sand filters is in all respects similar to that of 
this plant. The effluent pipes are fitted with 
meters and are so arranged that any filter may, 
after cleaning, be filled with water from below, 
from either of the other filters. 

The preliminary device which, with its proper 
sand filter, is designated throughout this work as 
“Arrangement No. 1,” is entirely similar in con- 
struction to a rapid sand, or so-called mechanical 
filter. It is a circular tank of reinforced con- 
crete, 4 ft. in diameter and 8% ft. deep. The 
filtering medium consists of 3 ft. of sand support- 
ed ‘on 6 in. of gravel. Beneath this is the brass 
underdrainage system leading to the effluent pipe. 
The preliminary filter is placed above the sand 
filter. Filtration is downward, and the effluent 
discharges directly into the sand filter. The 
piping is so arranged that the flow of water may 
be reversed in order to clean the filter. 

The preliminary device which, with its sand 
filter, is designated as “Arrangement No. 2,” was 
designed in accordance with the ideas of Mr. 
P. J. A. Maignen. The filtering medium, which 
is contained in a reinforced-concrete tank sim- 
ilar to No. 1 preliminary filter, consists of layers 
as follows, from bottom to top: 12 in. of cobble 
stones; 12 in. of coke, egg size; 12 in. of coke, 
stove size; 24 in. of coke, nut size, in which 
were laid four tiers of roofing slate at an angle 
of about 45 deg. to the vertical; and 24 in. of 
sponge clippings, compressed under a pressure of 
12 to 15 lb. per square foot, and held in place by 
a wedged grating. This preliminary filter, like 
No. 1, is placed above its sand filter. Filtration 
is upward, and the effluent flows directly into the 
sand filter. 

The preliminary treatment used in “Arrange- 
ment No. 3” is coagulation. The equipment for 
this treatment consists, first, of small tanks prop- 
erly arranged and connected with piping for the 
preparation and storage of the solution of alumi- 
num, sulphate; second, a device for delivering a 
measured stream of this solution into a measured 
stream of the water to be treated, and third, two 
coagulating basins. The water after passing 
through the coagulating basins flows directly into 
sand filter No. 3. 

The problem of the accurate application of the 
very small quantities of coagulant solution re- 
quired for the small amount of water here treated, 
presented some difficulties, which were solved, as 
shown in the accompanying sketch. The barrel 
B is perfectly air tight; in the side of the pipe 
at the desired level, within the “orifice box” C, 
there ts bored a %-in. hole. As the solution is 
discharged at the orifice, small bubbles of air 
enter the pipe through this hole, while permitting 
the solution to discharge freely into the orifice 
box through the open end of the pipe. This pro- 
duces a constant level in the box. The orifices 
are simply small nozzles made of glass tubing. 
They were carefully drawn and calibrated in the 
laboratory to deliver a given volume under a 
given head in a given number of seconds. A 
series of these nozzles was made, and the range 
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made continuous by providing for varying the 
head by sliding the glass tube up or down in the 
rubber stopper in the bottom of the orifice box. 
The success of the device depends largely upon 
keeping it air-tight throughout. 

Arrangement No. 3, as first installed, included 
only a single coagulating basin, 10 ft. wide, 6% 
ft. deep and 29 ft. long, with seven wooden 
baffles the full depth of the basin, placed cross- 
wise in such manner as to leave openings 2 ft. 
wide at opposite ends of successive baffles. It 
was expected that this arrangement would give 
a sufficient period for coagulation and sedimenta- 
tion. In a general way, 24 hr. was the length 
of time desired. The first measurement of this 
period, by means of aniline dye introduced at 
the inlet, showed that some of the water passed 
entirely through the basin in 2% hr. The 
function of the basin, under such a condition, 
was, of course, entirely unfulfilled. ~ Experiments 
with the baffles, and especially the placing of a 
small baffle near the inlet in such a manner as 
to form an inlet chamber, designed to prevent the 
incoming water from mixing with the partially 
sedimented water, made it possible to hold the 
water in the basin for Io hr. 

With this one basin it seemed impossible to 
obtain a period of sedimentation of 24 hr., and 
therefore another basin, 10 x 6 x 44 ft. was built 
alongside the first one, and so connected that 
water would pass successively through both. The 
period of sedimentation through this new arrange- 
ment of two basins was found to be about 45 hr. 

The sand used in all three sand filters, and in 
preliminary filter No. 1, is identical with that 
used in the filters at the main Washington plant. 
All the filters are provided with loss of head 
The entire equipment, with the exception 
of the coagulating basins, is enclosed in a neat, 
substantial wooden building, and proper arrange- 
ments provided for heating, lighting and drainage. 

For logical reasons, the location assumed for a 
plant for the preliminary treatment of the 
Potomac water was between Dalecarlia and 
Georgetown reservoirs. The experimental plant 
was therefore located conveniently near the out- 
let of the former reservoir, where the water sup- 
ply could be taken directly out of the main 
stream of flow through the aqueduct at that 
point. 

At this point the water has rndergone one day’s 
sedimentation in its passage through Dalecarlia 
Reservoir. If a preliminary treatment were ap- 
plied at this point, there would be a subsequent 
period of sedimentation before reaching the 
filters, of three to four days more, in its passage 
through the Georgetown and Washington City 
reservoirs, 

Arrangements No. 1 and 2 were started on Feb. 
8 and No. 3 on Feb. 12, 1907. With the exception 
of necessary stops for cleaning, and occasional 
alterations or repairs, they have been running 
continuously down to the present time, and are 
still in full operation. 

Samples and Observations.—For a determina- 
tion of the bactoriological efficiency of the ex- 
perimental filters, the necessary samples for 
bacterial examination have been taken each morn- 
ing, except Sunday, and carried by messenger 
directly to the laboratories of the filtration plant. 
In general, one sample a day has been taken of 
the raw water, of the effluent of each preliminary 
filter and of the coagulating basin, and of the 
effluent of each sand filter. 

The physical conditions of the various samples 
of water, for a determination of the clay removal 
of the different processes, has been determined 
at the experimental plant. Four samples a day 
have been taken for the turbidity examination, at 
the points designated above, and comparisons 
made, by the operator in charge, with turbidity 
standards made up and standardized in the 
laboratories of the filtration plant. 


gauges. 
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Observations of the quantities of water flowing 
from the different filters, of the losses of head 
and of the quantities of coagulant applied, have 
ben made at intervals frequent enough for the 
accurate control of all the different parts of the 
processes. Other special examinations of water, 
or of the conditions of operation have been made 
from time to time, and they will be found in the 
parts of this report to which they pertain. 

An examination of records of preliminary 
filters in use at other places showed a range of 
rates of filtration, the minimum of which was 
roughly 50 millions of gallons per acre per day. 
That rate was therefore adopted for the two 
preliminary filters herein described. 

At the time th® experimental filters were start- 
ed, it had been demonstrated at this plant as 
well as elsewhere that slow sand filters operated 
at a rate of 4 million gallons per acre per day 
showed efficiencies substantially the same as at 3 
million gallons. 

The three sand filters at the experimental plant 
were accordingly started’ at a 4-million gallon 
rate. Later on, when difficulties were encountered 
in obtaining a sufficient period of flow in the 
coagulating basin, the details of which appear 
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Coagulating Solution Apparatus. 


earlier in this report, the rate of No. 3 sand 
filter was reduced to 3 million gallons per acre 
per day, and it has since been maintained at that 
rate. 

Periods of Service-—The periods of service of 
No. 1 preliminary filter were relatively long for 
such a deyice at first; but the accumulation of 
clay in the depths of the filtering material and 
in the underdrains, from frequent washing with 
muddy raw water, which was the only water 
available with the requisite pressure, gradually 
decreased the period of service until the filter 
would run only one day. Finally all the filtering 
material was removed and cleaned and the under- 
drains flushed out, which restored the capacity. 
Since this cleaning, the arrangement has been 
put out of service occasionally when it needed 
washing at times of very high turbidity, to avoid 
clogging the underdrains again. 

The use of this rapid pre-filter No. 1 produced 
a remarkably long period of service in sand filter 
No. 1, which would be a strong argument in its 
favor if there were any other decided advantages 
in the process. 

In the case of preliminary filters of the type 
of No. 2, the termination of the run is generally 
determined by the appearance of “springs,” or 
some other equally obvious cause of a decrease 
in efficiency. After the second run, however, at 
Mr. Maignen’s suggestion, the filter was flushed 
out at more frequent intervals, to keep the sponge 
at all times reasonably free of accumulated clay. 

The periods of service of the No. 2 sand filter 
did not differ in any marked degree from the 
periods obtained at the main plant. 

In connection with the question of coagulation 
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as a preliminary treatment, it has been suggested 
that the elimination of high turbidities might 
reduce the expense of operation at the Washing- 
ton filters, either by prolonging the runs or by 
reducing the depth of penetration and conse- 
quently the amount of sand handled. 

If the conditions of sedimentation in the 
coagulating basins had been the same as those in 
the reservoirs between Dalecarlia and the intake 
of the filtration plant, the answer to this sugges- 
tion should have been indicated with reasonable 
accuracy. During the first few months of the 
experiments, however, as has been stated, the 
sedimentation capacity was very insufficient, and 
since the new basin was put in service, while this 
capacity has been increased very materially, it is 
still less than it should be to make the comparison 
satisfactory. 


TABLE 2,—SUMMARY OF RESULTS OF OPERATION OF EXPERI- 
MENTAL FILTERS FOR Periop or 11 Montius. 


Arrangement No. 1. 
Preliminary filter—(Rapid prefilter). 


Nominal rate, mil. gal. per acre per day.......... 50 
Number “O08 SBS, «.. 0b cecins as oie Olen ain gin eiiis 73 
Days of service—Max nid WT aya etetOn aoe tote taine itera st areietacts 13 
SSC MEME CON GAO a te DOT Eon On I 
soe tes Be ~ mem AW ace wie ate eeleP orate natN siebe\evelclen Renataat 
Initial loss of head at 50 mil. gal., in {t.......... 0.8 
Total ‘available loss of head. svi) o.com ptreleie's cretelers ‘8.0 
Ay. quantity wash water, | @all.< swabs murat eer rene 2800 
«per cent. of quantity filfered 4.9 
Rate of application of wash water, gal per sq. ft. 
Og ie its Res SAMs a Soc ha mae any 7% 
Sand filter. 
Nominal rate, mil. gal. per acre per day........... 4 
Number of runs (2d run unfinished to date)...... bt 
Days ).Gk  BELVICE..% ice tien a arose Uae ep iain mls ieee mate ete 228 
Depth of sand ‘removed, IMs sey aoe ele chev ae rernie eietele 1.44 
Arrangement No. 2. 
Preliminary filter—(Maignen Scrubber). 
Nominal rate, mil, gals. per acre per day.. 50. 
Number Ot.” rings! a) vases busteneseeanetetete ete aide 5 
Days of service—Max nung weal ee See eee oleae OL 
—) = See os enteCounaae 20 
alge} AE 6 See 69 ole ebess foneheleipuatel tie etete + aie 55 
Initial loss of head at So-mil) gal, Watts. o.1 or less 
Final loss of head—N LS a hoc 1.22 
= Min.) oss cee ee 0.32 
G6 EAE OE AN. tsics wie ae ee 0.73 
Av. quantity wash water, Salata ete 3500 or less 
et “less than 0.5% 
of quantity filtered. 
Sand Filter. 
Nominal rate, mil. gals, per acre per day.......... 4 
Namber wot runs; :..3, rsasctenetcetesontehortrreaekatein te eke sata 
Days of Service—Max.. tsi aiteiste ristewlel egies bowwieiteerclels 85 
Daye ob, Service —Min i iwnieiestea eisieietes wintery 44 
Days® of 'service—Ay ~~ iin aintelnets cleLemieiete ela nnelere 61 
Depth of sand removed—Max..........eeseeeeees 1.36 
Depth of sand removed—Min.........+2-+20-2eee08 .38 
Depth of sand removed—Av:........ececececeeee =90 
Arrangement No, 3. 
Sand Filter. 
Nominal rate, mil. gals. per acre per day.......... | 4 
Niaumbersot russes ccna sin eee epee easier ainrecave mecereretere 5 
Days! of Service—-Miax.). si sens plotter a icletereh etches 93 
Days, of service——Min #21 upitamie wea acuvehiien aman 37 
Days *of; service—Av. 54:1 ..«0 cotuicisaneea se oe etien 64 
Depth of sand removed—Max......e..ceeceeerces 1.88 
Depth of sand removed—Min............2+e+s00- 1.03 
Depth of sand removed—AV..........5eseceeeees 1.41 


During the early part of the experiments, the 
runs of No. 3 sand filter were short, because of 
the suspended aluminum hydrate that was carried 
to the surface of the sand. During the latter 
part, the lengths of the runs and the depth of the 
sand removed, are not consistently different from 
the figures for the main plant, and therefore there 
is nothing in these data to indicate any change in 
expense of operation of the filters following the 
application of a coagulant. 

Additional Experiments.—The preliminary filter 
in Arrangement No. 2, as mentioned above, was 
built in accordance with the ideas of Mr. P. J. A. 
Maignen. He has throughout the experiments 
shown an interest, and since the results of oper- 
ation showed that his device would not effect the 
desired improvement, has offered a number: of 
suggestions aimed at improving these results. 

On April 8, finely-ground bone charcoal was 
applied to sand filter No. 2 at the rate of about 
5 tons to the acre. That it was ineffective is 
shown by the turbidities of the effluents of the 
sand filters through the next period of bad water. 
No. 2 filter reached a maximum turbidity of 4, 
while No. 3 maintained its low turbidity of zero 
and I. 

On June 25, No. 2 sand filter was again started, 
with a membrane of asbestos fibre and bone char- 
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coal on its surface. It was later found that the 
asbestos did not cover the entire surface, so on 
Sept. 3, the conditions having been remedied, 
it was started again. As before, the effluent of 
No. 2 reached a maximum of 4 at the next rise 
of turbidity in the raw water, while the effluent 
of No. 3 remained at zero. ‘ 

Turbidity Results—The turbidity removed by 
the different processes and parts of processes is 
shown in Table 3. 

As the monthly averages show, the removal of 
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down at that time, it is quite useless for the 
purpose now under consideration. 

The figures given for No. 3 arrangement show 
a turbidity removal satisfactory in every respect. 
The turbidity of the effluent is not zero all the 
time, because that is not the primary object in 
the investigation of this process, and coagulant 
is not applied all the time. Generally speaking, it 


is applied only at such times as will effect the 
elimination of the high turbidities indicated in 
the effluents of No. 
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turbidity by the preliminary process alone was 
greatest for the No. 3 arrangement, with coagu- 
lation at times of high turbidity. During months 
when the turbidity of the applied water was high, 
this difference in favor of the coagulating process 
was very marked. 


TaBLe, 3.—Turpipity Resutrs or EXPERIMENTAL FILTERs. 


Ones Nos 2 No. 3. 
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1908. 
Wamen82 - 348 85 ore dou 05 83 SO 
Avg...56 15 1.8 64 2 2.0 167 12 0. 
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The total removal, by preliminary process and 
subsequent sand filtration, was also very much 
more complete for the No. 3 arrangement than 
for either of the others. This may*be shown 
more clearly by an analysis of the turbidities of 
the final effluents, and retabulation, as shown 
in Table 4: 


TABLE 4.—NuMper oF DAYS WHEN STATED TURBIDITIES 
WERE Found In EFFLUENTS. 


Turbidities. o 1 2 3 4 Se Ome. 3-8 5 
PC MmerOss 27 2202). TH". FR of 8 § 8 
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This shows, for No. 1 and No. 2 arrangements, 
a reasonably good removal during the greater 
part of the time, whet: conditions are favorable; 
but high and unsatisfactory turbidities at the 
very times when the preliminary process should 
be of the greatest value. A preliminary process 
is designed for use only at intervals, when, con- 
ditions are most adverse. If such a process falls 
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TasLe 5.—Tursipiry Rrsu_ts—EXPERIMENTAL FILTERS, 
DURING PeERiop oF HicH TurReipity, JAN., 1908. 


No, 1. No. 2. No. 3. 
Eff. Eff. Eff. . Ea. Eff. Eff. 
Raw prelim. sand prelim. sand  coag. sand 
water. filter. filter. filter. filter. basin. filter. 
an. 12. 40 10 I 12 I 2 ) 
an, 13.110 45 51 2 2 ° 
an. 14.210 95 3 113 4 2 ° 
an. 15.325 190 12 222 15 3 (0) 
an. 16.360 210 37 247 42 5 ie) 
an, 17.242 122 24 147 26 6 ° 
an, 18.137 eS & 73 7 6 ° 
an. 19.117 40 12 = 5 fo) 
an. 20. 72 31 6 * n 2 ° 
an. 21. 55 20 4 25 4 5 * 
an, 22. 49 17 3 21 4 7 = 
Jan. 23. 40 iz 3 15 4 3 o 
Jan. 24 11 3 13 3 3 0 


2440 
*Cleaning sand filter. 


double and triple filtration present some interest- 
ing data. Two small filters, built on the lines of 
our large sand filters, were arranged; the first, 4, 
to receive water from the filtered city supply; 
the second, B, to receive the effluent of the first. 
The effluent of A was thus twice filtered and 
that of B three times filtered. The rates used 
were 3 million gallons per acre per day. 


TABLE 6.—TURBIDITIES WITH DOUBLE AND TRIPLE 
FILTRATION. 
Effluent A 


Applied water Effluent B 


filtered filtered filtered 

once, twice. three times. 
MWe UG G7 erases a's sivisiarn's 6.0 7.0 6.0 
April GO viswicras ose crore 1.9 1.5 id 
INE AVSORQ Oc. carne is tarsiabe toss ee 0.7 0.7 
WHE? TOOMs caine ew se seis 0.9 0.3 — 
July BOG7 > startacs siete iOe 1.0. 0.2 — 
ANTI Rs LOG vis aiscvis a clbie aie 1.0 0.5 0.2 
RDP OOF va vatvraic ota alates 0.7 0.4 0.2 
OEE WL DOF «:< on caters 3 0.5 0.5 
MOye TOGR as ec ate ee ve TAL 0.2 0.2 
ID ECE OO Maleiehs siete case ee 4.2 2.2 — 
WAM OO Bears ates tre ct. trates 6.0 3.0 — 
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Some reduction in turbidity takes place in the 
second and third filtration, but the removal is by 
no means complete. 
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cussed in more detail under the subject of coagu- 
lant. 

The most striking comparison between the re- 
sults obtained from the three arrangements may 
be seen from an examination of the records for 
the period of high turbidity during the month of 
January, 1908. The turbidity results are pre- 
sented in Table 5. 

This shows arrangement No. 1 and No. 2 en- 
tirely unsatisfactory for the removal of turbidity 
during this time while arrangement No. 3 gives 
a perfect removal. Other periods of high tur- 
bidity show results quite similar, differing only 
in degree. 

In connection with the question of turbidity re- 
moval, the results of some experiments made in 


From the evidence at hand, therefore, we may 
conclude that there will not be at all times a 
complete removal of turbidity by any of the 
following treatments : 

1. By one day of sedimentation, followed by 
filtration through a rapid sand pre-filter and 
then through a slow-sand filter. 

2. By one day of sedimentation, followed by 
filtration through a preliminary filter of the 
“Maignen” type, and then through a slow-sand 
filter. 

3. By three or four days of sedimentation, 
followed by filtration through slow-sand filters. 

4. By the process described in (3), followed’ 
by another and similar filtration through slow- 
sand filters. 
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5. By the process described in (4), followed 
by still another and similar filtration through 
slow-sand filters. 

In other words, from (5), if we consider the 
entire reservoir system and filtration plant, and 
even supplemented by another equal area of filters 
of the same type, as a process for the preliminary 
treatment of the water only, the subsequent 
passage of that water through slow-sand filters 
of that type, will not effect the complete removal 
of the fine turbidity. 

Bacteriological Results—Table 7 gives a sum- 
mary of results of bacteriological examination of 
the water at critical points of the different pro- 
cesses : 


TABLE 7.—BACTERIOLOGICAL RESULTS OF EXPERIMENTAL 
FILTeERs. 

No. 1 — No. 2 3 

Eff. Effi. Ef. Eff. Bal Eff. 
Date RawPrelim.Sand Raw Prelim.Sand Raw Coag. Sand 
1907 Filt. Filt. Filt. Filt. Basin. Filt. 
March 8295 1852 293 8295 2054 291 8652 2628: 118 
April +2125. 106 30 2197 °387- 33 2r25° 1203, 28 


May 330). (204-20) 6330) WekOO.s LO esata SO was 
June 978 58 44 985 322 45 978 1587 56 
July 580 600 21%) 580" wie5% 220) BS80— 2034)29 
Aug, 710 94) 62 D259) BO FL Is 7TOM SF 28O AO T's 
1 § {6100 — TtO:" ;43°56200'"9/360'1/60. (6800 642510" 30 
Oct. 2600 85 16 1400 210 /27 1400 (650 -(33 


Nov. 5500 1100 225 9800 3300 130 9800 1600 90 
Dec. 4700 1600 230 20000 5800 55021000 1200 120 
1908. 

Jan. 8750 2081 255 8950 3521 248 9519 728 31 
Avg. 3700 660 106 5350 1490 130 5630 1030 53 
% Reduc. 82.2 97.1 72.1 97.6 81.7 99.1 


The occurrence of Bacillus Coli in the effluents 
of the three sand filters during four months, 
October, 1907, to January, 1908, inclusive, was as 
follows: No. 1, 58 samples taken, 25 positive in 
10 c.c., 8 positive in r c.c.; No. 2, 85 samples 
taken, 22 positive in IO c.c., 7 positive in I c.c.; 
No. 3, 83 samples taken, 9 positive in IO cc. I 
positive in I c.c. 

With the bacteria, as with the turbidity, the 
total removal was greatest in the case of arrange- 
ment No. 3. A classification of bacterial counts 
was made, to correspond to the turbidity table 
shown, with results as shown in Table 8. 


Taste 8.—NuMBER oF Days WHEN SrATED BACTERIAL 
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This table shows the same tendency as the cor- 
responding turbidity table, but not as plainly, for 
the reasons given herewith: Storage of water 
in a reservoir, under favorable conditions, should 
in general give a reduction of the numbers of 
bacteria. This statement should hold true of the 
coagulating basins at the experimental filters if 
there were no conflicting factors. It has fre- 
quently been observed, during periods when no 
coagulant was being applied, that the numbers of 
bacteria at the outlet of the coagulating basin 
were greater than in the raw water. 

This may be seen in the table of monthly aver- 
ages given above. During May, no coagulant 
was applied. During June it was applied for 
about two days. The average numbers of bac- 
teria in the effluent of the coagulating basin for 
these two months were higher than the raw water, 
while every other month they were lower. As 
this seemed abnormal, the point was studied in 
some detail in the laboratory. The results ob- 
tained indicated that the increase in bacteria was 
due to the presence of the wooden baffles in the 
coagulating basin, with which the water was in 
contact for many hours. 

As this condition was evident only during 
periods of good water when no coagulant was 
being applied, and as the daily records of bacteria 
throughout the complete aqueduct system show 
that nothing of this kind occurs in the storage 
reservoirs, it may be stated definitely that this 
small abnormality has no significant bearing upon 
the problem under consideration, although it ob- 
scures the clearness of a general summary. 
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As in the case of the turbidity, the periods to 
choose to show to best advantage the bacterial 
improvement that may result from an application 
of any preliminary process are the periods of 
high turbidity and bacteria when such a process 
would be used, if available. Daily bacterial 
counts for two of these typical periods are 
given in Table 9: 


TABLE 9.—BACTERIAL RESULTS—EXPERIMENTAL FILTERS, 
DURING Periops oF HicH BacTerRtia. 
—No, 1— -——No. 2—, ——No. 3— 
Ef. Efi.) Ea: Eff. Eff. Eff. 


1907. Raw. Prelim. Sand Prelim. Sand Coag. Sand 
Filter. Filter. Filter. Filter. Basin. Filter. 
Noy. 5 6,000 scree os ae 3,000 220 1,600 90 
6 5,000 1,500 240 atyp0e)Srs0, (3,900 6 
7 14,000 1,000 220: > 2,600 ~ 120 200 9 
8 1,900 270 160 2,000 29 230 2 
Jan. 6 600 200 37 600 49 230 18 
7 1,100 150 47 330 491) 370. 12 
8 1,900 169 30 900 431,100; 20 
9 13,000 1,300 70 3,400 50 1,200 22 
10 ™0,000 3,500 170 8,000 50 700 +16 
II 16,000 4,000 240 220 200 1,200 II 
12 Sunday. 
13 8,500 1,200 340 1,200 43 90 6 
14 16,000 3,900 500 6,000 280 150 23 
15 24,000 7,000 550 9,500 700 1,100 19 
16 28,000 8,500 1,200 14,000 900 1,000 14 
17 65,0c0 15, 000 20,000 1,200 490 2 


18 7,000 : 6,5c0 400 1,600 14 
These Facute: ow the decided advantage of 
Arrangement No. 3 in the removal of large num- 
bers of bacteria from the water, and the very un- 
satisfactory bacterial: results from Arrangement 
No. r and No. 2. 


5. 


7. gal 


peril 
8 


fi 


gular? 


QO 100 200 500 $00 600 
: Tbh UES 
1-R& Weston-New Orleans, se Mlach ele ee, 
2oK) ps EES lechanical subsided 
ation Co. 

Z6W Whaler Croton Modif ed English, subsided 
itd ats »  UNSU 
6- Allen Hazen- Schedule for "olay bearing waters 

7-Allen Hazen- Pittsburg 


Quantity of Coagulant for Different Waters. 


A comparison of the bacterial removal effected 
by the preliminary process of Arrangement No. 
3, with the bacterial purification in the reservoirs 
between Dalecarlia, the proposed point of appli- 
cation, and the filtration plant, is of interest in 
this connection. The following Table 10 will 
show this very clearly. In order to make the 
counts represent as nearly as possible the same 
water, the figures given for the outlet of the 
coagulating basin are in general one day later, 
and those for the applied water at the filtration 
plant three days later, than the counts for the 
outlet of Dalecarlia Reservoir. 

TABLE 10.—BACTERIAL REDUCTIONS IN THE COAGULATING 


BasIN AND IN THE RESERVOIR. 
Coag. Basin Applied Water 


Dalecarlia Outlet Wash. Filt. Plant 
Outlet. 1 day later. 3 days later. 
INOW 2ecrontsin cle ie 10,000 2,400 3,800 
Bis ner saeie acetal) Oe 18,000 2,100 3,000 
Ate tre nial s oles Siete Ribas We 
Beate teak 50,000 2,400 3,400 
FSP OO CRA: 40,000 2,600 3,700 
ee nstr sunken eTe 16,000 2,500 3,800 
2B jateniy ie bare Let aie 
BO shomatieaiedd 10, 000 1,900 2,400 
Average........24,000 2,320 3,350 
% Reduction.... 90.3 86.0 
1908, 
Pana VOs ware teres 13,000 700 2,100 
MO ees vers sie 10,000 1,200 2,200 
TWiUE AISI ses ote 16,000 90 3,900 
eee Lav ANS Lees Rca 
DBs techs avele ets 8,500 150 8,000 
LPC ch mere TAG 16,000 1,100 10,000 
MS AuicAlorercihre 24,000 1,000 12,000 
NGA <isstevaiaiee 28,000 490 9,000 
Sy cavcsvelepenelene 65,000 1,600 8,500 
Averace........ 22,560 790 6,960 
% Reduction.... 96.5 69.1 
The conditions following coagulation are 


characterized by a generally sharp and consider- 
able reduction of bacteria, in comparison with 
the reduction that takes place from natural causes 
in the reservoir system. 

It may be concluded, therefore, from the data 
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presented herewith, that the mechanical devices 
under investigation are incapable of giving at all 
times the bacterial removal desired of such a pre- 
liminary process; and from these data, supple- 
mented by the records of operation of a number 
of thoroughly successful ptrification plants in 
which coagulation is an essential factor, that this 
process applied to the preliminary treatment of 
Potomac water will give a bacterial removal thor- 
oughly satisfactory in all respects. 

Coagulant Used.—The coagulant used in these 
experiments was aluminum sulphate. For the 
purpose of properly estimating the quantities of 
coagulant that would be required if this pre- 
liminary process were to be applied on a large 
scale, it is necessary to arrive at some limiting 
turbidity, below which it will not be necessary to 
coagulate the water. It was expected that this 
limiting turbidity could be determined, for practi- 
cal application, by the results from the coagu- 
lating arrangement at the experimental plant. 
The time, however, required for water to pass 
through the two reservoirs from Dalecarlia to 
the intake of the filtration plant is about three 
days, while the longest period that was obtained 
in the new arrangement of basins was 45 hr., or 
less than two-thirds the desired period. 

The limiting turbidity as determined at the 
experimental filters, therefore, is not a satisfac- 
tory limit upon which to base estimates for actual 
operating conditions. It was found that under 
summer conditions, a limiting turbidity of 80 to 
100 gave satisfactory conditions. Lately, under 
winter conditions, a limit of 50 has been in force. 
The limits are plainly lower than necessary, as 
reference to the turbidity curves will show. 

In the absence of satisfactory data on this 
point from the records of the experimental work, 
analysis has been made of these turbidity curves 
for the outlet at Dalecarlia Reservoir and for 
the intake at the filtration plant for the past two 
years. During these, ‘and only these years, the 
gates and by-passes of the reservoir system have 
been manipulated in a manner designed to give 
the best possible water supply to the filters. 
The study of these curves indicates limiting tur- 
bidities for coagulation of about 150 for summer 
and 100 for winter conditions, and these figures 
have been used in the estimates of quantity of 
coagulant required. 

The quantity of coagulant necessary to prop- 
erly treat different waters is shown in the ac- 
companying diagram. The relations for the 
Potomac water under the conditions studied fol- 
low quite generally along the line corresponding 
to the schedule used by Mr. Allen Hazen for 
clay-bearing waters. For purposes of estimate, 
therefore, Mr. Hazen’s schedule will be used. 

The application of aluminum sulphate at the 
rate of 100 lb. of 17 per cent. sulphate per million 
gallons of water causes the decomposition of 6 
parts per million of the dissolved carbonates of 
calcium and magnesium. From this definite re- 
lation the maximum allowable quantity of the 
coagulant for the most adverse conditions may be 
determined from the minimum quantity of dis- 
solved carbonates ever found. This. minimum 
quantity of carbonates in the Potomac water, 
from daily analyses covering a period of more 
than two years, is 31 parts per million. The 
maximum allowable quantity of aluminum sul- 
phate, therefore, for this critical period of low 
carbonates is 516 lb. per million gallons. The 
highest turbidity that has reached the proposed 
location for the coagulating plant during the two 
years that the gates have been manipulated for 
the exclusion of high turbidities, was 500. The 
quantity of aluminum sulphate necessary for 
proper coagulation of this turbidity of 500 is 360 
lb. per million gallons of water. In other words, 
the maximum allowable quantity of aluminum 
sulphate, under the most adverse conditions that 
have been observed, is 43 per cent. more than 
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is necessary for the prcper coagulation of the 
worst water occurring in two years of operation 
under present conditions. This seems a generous 
margin for possible error. The fact must be 
emphasized, too, that the above statement applies 
only to the most unfavorable combination of con- 
ditions that have been observed, and the prob- 
ability of their frequent and simultaneous occur- 
rence is very small. Every improvement in the 
conditions controlling this limit increases the 
margin for error on the side of safety,, which 
for average conditions would be about .250 per 
cent. 

Defects in Mechanical Principles Involved —As 
heretofore stated, the primary object of these ex- 
periments was to determine whether any pre- 
liminary process involving purely mechanical 
means for the removal of the impurities in the 
water at times of high turbidity would be found 
as effective in that removal as coagulation and 
sedimentation. The results are set forth in this 
report. They demonstrate clearly. the entire in- 
sufficiency of the mechanical processes at the 
very time when such a preparation of the water 
is most needed. They add convincing evidence 
to the mass of data that has resulted from the 
successful operation of many coagulating plants, 
showing the unfailing applicability of this method 
of treatment to the purpose herein stated. 

For the entirely successful treatment at all 
times of a clay-bearing water of which the Poto- 
mac is a type, the principles involved in Arrange- 
ments I and 2 are fundamentally wrong. This 
statement is true of every process that has come 
to attention in this investigation in which me- 
chanical means alone are depended upon for the 
purification; and there is nothing to indicate that 
it is not true of every such process. The rea- 
sons upon which this statement is based are 
evident from a consideration of the following 
facts. 

The impurities in water may be either in solu- 
tion or suspension; in this case only the latter is 
considered. These may be classed generally as 
organic or inorganic. Besides sedimentation, 
there are three ways in which they may be re- 
moved: 1. Impurities of either class may be 
removed by a straining process, if they are 
greater in size than the openings in the medium 
interposed to arrest them. 2. If smaller than 
these openings, they may still be removed by 
being deposited upon the surfaces within the 
pores of this medium. This is merely a highly 
induced sedimentation process, and while remark- 
ably efficient under favorable conditions, it has, 


from its very nature, certain limitations. 3. Some . 
of the organic impurities, by bio-chemical. 


changes, are broken down into more elementary 
forms, and are removed from this present con- 
sideration by going into solution. 

The problem in the preliminary treatment of 
the Potomac water consists, not simply in the 
removal of a considerable percentage of the sus- 
pended matter at times of high turbidity, but 
essentially, the removal of those very particles 
which are not susceptible of removal by any of 
the three means above mentioned. This fine ma- 


terial is present in the Potomac water in some 


quantity at all times. At times of freshet when 
there is an increase in the total quantity of sus- 
pended matter in the water, there is a somewhat 
similar increase in the quantity of this material 
that is too fine to be removed under the given 
conditions. These particles are sub-microscopic 
in fineness; their diameters have been estimated 
at from 0.0001 to 0.0003 mm. The individual 
particles cannot be distinguished under the high- 
est power microscope, under which the motions 
and structure of the bacteria may be plainly 
seen. In fact, there is room for conjecture as 
to whether this fine material exists as individual 
particles. There is reason for believing that it 
exists in that peculiar, unstable state of aggrega- 
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tion known as the colloidal state, which is on 
the border line between true solution and suspen- 
sion. In brief, the turbidity which persists in 
the effluent of the filters is of almost inconceiy- 
able fineness. 

In order to effect the removal of such matter 
as this from the water by the first means given 
above, the openings in the straining medium 
would have to be of equally inconceivable fine- 
ness. It is evident that gravel, coke, sponge and 
sand do not fulfil this requirement; and micro- 
scopical examination of other material employed, 
such as powdered coke, asbestos, and so forth, 
show that the openings in the straining layers 
they might form are relatively large for the ar- 
resting of this fine material. A medium to re- 
move this clay by straining would have to be so 
fine that water would pass through it at a rate 
prohibitively low for application to a large mu- 
nicipal supply. Even such supposedly perfect 
devices as the Pasteur and the Berkefeld filters 
will not remove it all under all conditions. 

To effect the removal of this material by the 
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second means, it seems hard to conceive of any- 
thing more efficient than a bed of filter sand. 
Mr. Hazen has computed that the opportunities 
afforded for this induced sedimentation in a layer 
of filter sand of the conventional depth, are 
equivalent to those in a sedimentation basin with 
an area of more than 400 times that of the filter. 
Yet as the results of operation show, the sand 
filter will not remove it. 

The defects in the principles, therefore, are 
apparent, and the general statement may be made 
that processes involving only these purely me- 
chanical principles, for application to a clay- 
bearing water of the type under observation, are 
capable of removing a considerable percentage of 
suspended matter within certain limits, but are 
quite incapable of removing the very impurities 
at which the desired preliminary treatment is 
largely aimed. 

Applicability of Coagulation Treatment.—For- 
tunately, in view of the failure of mechanical 
means for the successful preliminary treatment 
of this water, the success of another principle 
for application to this problem has again been 
demonstrated. That principle, which was in- 
volved in the operation of the No. 3 arrange- 
ment, is based on the simple increase in size of 
these clay particles until they are large enough 
to-be visible to the naked eye, and to be easily 
and thoroughly removed by sedimentation and 
sand filtration. This is the effect produced by 
coagulation. 

The result of this action is a mass of particles 
which, both chemically and mechanically, are 
quite stable. They are made up of aluminum 
hydrate, clay and other turbidity-producing ma- 
terial, bacteria, microscopical organisms, and per- 
haps other impurities from the water. They are 
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large enough to be easily visible to the naked eye, 
and to be removed by a simple straining action. 
Their hydraulic value is great enough so that 
they may be removed in large part by sedimenta- 
tion. They are suspended in the treated water, 
which otherwise is now crystal clear and much 
reduced in bacterial content. This water is now 
subjected to prolonged sedimentation, and then 
goes to the filters carrying but a little of its orig- 
inal burden of impurities, and these in a form to 
be easily and thoroughly removed. 

The preliminary treatment of the Potomac 
water in the manner proposed should effect cer- 
tain improvements in the quality of the filtered 
water, as indicated by the results of operation of 
Arrangement No. 3, reported herein. The tur- 
bidity, instead of being present in visible quan- 
tity during one-fifth or one-sixth of the time, 
should be eliminated so that there would never 
be any trace of it visible to the ordinary con- 
sumer. 

The bacteria, which appear in the filtered water 
in unusually large numbers at time coincident 
with the high turbidities, should by the same 
means be reduced in number so that they would 
never under ordinary conditions much exceed 
the high standard set by the better of the aver- 
ages shown in the table of bacterial results. 

Resumé.—The results of eleven months of 
operation of the experimental plant have demon- 
strated the following facts: 1. The desired re- 
moval of turbidity and of bacteria from the 
Potomac water at the outlet of Dalecarlia reser- 
voir cannot be effected by means of devices of 
the type of preliminary filters No. 1 and No. 2. 
The evidence tends to show, and there is every 
reason to believe, that this removal cannot be 
effected by any device applicable to large quan- 
tities of water, that involves purely mechanical 
principles in its operation. 3. The desirec im- 
provement in the water can be effected by occa- 
sional coagulation, with subsequent thorough 
sedimentation in the two existing reservoirs. This 
process is so entirely flexible that with its use 
the perfect final product of the filters so much 
desired is assured. 4. Consideration of the 
chemical results of coagulation, and the other 
pertinent facts presented, leads to the conclusion 
that the application of aluminum sulphate to the 
Potomac water, as proposed, does not present the 
slightest menace to the public health of the Dis- 
trict of Columbia. 


Rapid Concrete Building Construction. 


The accompanying photograph of the building 
of the Bowling Green Storage & Van Co., on 
West 65th St., New York City, was taken on Nov. 
13, 1907, and shows how closely it is possible to 
follow after the concreting of the skeleton frame- 
work of a reinforced concrete building with the 
curtain walls and incidental interior work. <A 
close inspection of the photograph will show that 
the piacing of the brickwork of the curtain wal! 
has just been commenced in the two corner panels 
of the story from which the column,.forms have 
been stripped, while the concreting of the columns 
and floors is in progress in the second floor above. 

The building in question is a seven story and 
basement structure, measuring 50 ft. by 100 ft. 5 
in. The reinforced concrete skeleton was put up 
in 57 working days. The building bears a close 
resemblance to the McNulty Building, designed 
and erected by the same firm, and described in 
The Engineering Record of Dec. 14, 1907. 

Tucker & Vinton, New York City, were the 
engineers and constructors. 


TreN-Foot VENTURI Meters with a 3 to I throat 
ratio have been installed in the Divi irrigation 
pumping plant, Madras Presidency, India, accord- 
ing to “The Engineer,” London. The throat 
sections and pressure chambers are of wrought 
iron and the remainder of reinforced concrete. 
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Mechanical Equipment of the Union Na- 
tional Bank Building, Pittsburg, Pa. 


One of the most recent of the large business 
buildings erected in Pittsburg is a 21-story struc- 


’ ture that has beem built for the Union National 


Bank of that city, for use as banking offices on 
the first, mezzanine and basement floors, with 
rentable offices on the upper floors from the sec- 
ond to the twentieth inclusive. It is a steel-cage 
structure of modern fire-proof construction, and 
occupies a plot nearly square in shape, facing 84 
ft. on Fourth Ave., and 86 ft. on Wood St. The 
sub-surface floors, comprising a basement and 
sub-basement, are extended under the sidewalks 
on both streets, enlarging the available space on 
these levels to an interior dimensions approxi- 
mately 92 ft. square. The twenty-first floor is 
finished off as a roof house, 65 x 77 ft. in plan, 
and contains storage rooms, a kitchen and dining- 
rooms for the bank employees. Light and ven- 
tilation is afforded the rear portion of the upper 
stories by an 18 x 42-ft. light court, that rises 
from the second floor level, with an 18 x a1-ft. 
extension down to the basement level. 

The mechanical services that are provided for 
in the building are particularly complete, em- 
bracing besides the usual heating, elevator and 
electrical services, an extensive ventilation sys- 
tem for the banking offices, refrigerating appara- 
tus, vactuum-sweeping system, and so forth. The 
operation of these services necessitated an ex- 
tensive mechanical plant, which has been in- 
stalled with a boiler capacity of 800 hp. and re- 
quiring the entire sub-basement space. This sub- 
surface space was excavated for an unusual ceil- 
ing headroom of 21% ft., with the floor level 33 
ft. below level of curb in the street, in order to 
provide ample room for overhead piping connec- 
tions. This space is undivided, except at the 
rear side, containing the electrical generators, 
pumping machinery, ventilating apparatus, and 
other equipment in one large room; the boilers 
are separated from the main room in a 35 x 50- 
ft. enclosure in the southwest corner, while ad- 
joining the latter under the Wood St. sidewalk 
there is a Io x 40-ft. enclosure that serves as a 
coal-storage vault. Above the vaults are two 
sidewalk coal holes through which the coal is 
dumped directly from coal wagons in the street, 
the vault having a capacity when filled of over 
250 tons. 

In the construction of the sub-surface space 
for the mechanical plant, difficulties were en- 
countered with ground water, which stands 
normally at a high level above the lowest point 
of the excavation, the elevation of the curb at the 
corner of the two streets being but 39.8 ft. above 
the datum taken at the bottom of the Mononga- 
hela River adjoining, while the sub-basement 
floor level is but 6%4 ft. above datum. The soil 
at the site is sand in the upper levels, with 
gravel underlying it, through which the water 
percolates from the river, as the latter is but a 
few blocks distant, so with the water at ordinary 
stages in the river the ground-water level stands 
close to the sub-basement ceiling. In winter 
freshets, the water has been known to rise within 
a very few feet of the curb level at this point, a 
stage of 33 ft. having been reached in the Mo- 
nongahela River in the spring of 1907.- It was 
accordingly necessary in order to prevent inter- 
ference with the operation of the mechanical 
plant, to carefully water-proof the sub-surface 
walls, the foundations and the sub-basement 
floor, which has been provided for with tile 
drains underneath the latter for the removal of 
seepage to a sump tank. The water-proofing as 
applied is a lining of Hydrolithic cement, which 
is applied in two coats to a thickness of about 
¥ in. over the inside surface of the side walls 
at both basement and sub-basement levels, the 
coatings being continuous on these surfaces, ex- 
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cept where the basement floor beams enter the 
curb walls. At the sub-basement floor level, the 
lining is carried down in a continuous sheet into 
and through the lower portion of the floor slab. 
The drainage course under this floor construction 
consists of 8 in. of broken stone, through which 
are laid lines of 4-in. tile drain, the broken 
stone resting on a thin course of cinder con- 
crete that has 6-in. holes at 2-ft. intervals, to 
permit of infiltration of the ground water. The 
water-proofing is said to have given very satis- 
factory results, no water having entered the base- 
ment during the flood of March, 1907, except 
through the breaks in the water-proofing course 
in the curb walls around the basement floor 
beams, and even in that emergency no difficulty 
was experienced in relieving the pressure on the 
walls by removing the water from the sump tank 
as fast as it could flow in, which was accomp- 
lished by two pumps in the mechanical plant, 
having each a capacity of 300,000 gal. per day. 
The entrance of sewer, water and other piping 
connections from the street into the building 
through the sub-surface walls, involved, with 
these conditions of ground water and water- 
proofing, serious difficulties in maintaining the 
curb walls in a water-proof state throughout, but 
this requirement has been provided for by the 
insertion of pipe sleeves in the curb walls for 
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ment is such, however, that partial heating may 
be accomplished by therindirect system if desired. 
The ventilation is applied to the rooms in gen- 
eral on the downward system, the fresh air 
entering the rooms at elevated points, while the 
exhaust openings are located near the floor lines. 
A favorable location for the fresh-air supply 
fan was permitted by the intake connection at 
low level in the interior court as made possible 
by the use of the air-wash system, the fan for 
this service being located underneath louvres at 
the base of the light court where most convenient 
for the connections for the duct risers to the 
upper floor levels. The exhaust ventilation is 
operated by fans, located at the roof level which 
draw through vent flues. 

The fresh-air supply equipment consists of a 
6 x 3%-ft. steel plate contrifugal fan, which is 
located in an enclosure in the sub-basement un 
derneath the 18 x 20-ft. extension of the in- 
terior lighting court down to basement level, and 
delivers through tempering coils, the air-washing 
equipment, reheating coils and mixing dampers 
to the distribution duct-work system. The fan is 
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Details of Supply Fan, Heaters and Air Wash Apparatus. 


the various connections, there being in all 13 
sleeves installed, varying from 2 in. to 12 in. 
pipe, for city water, sewer connections, gas and 
other piping connections and also for telephone, 
telegraph, messenger and other cable connec- 
tions. The sleeves are all of heavy galvanized 
wrought-iron pipe, with flanges screwed on either 
end. To the flange at the outer side of the wall 
is bolted a companion flange to retain a ring of 
packing around the outer surface of the sleeve 
and to insure tightness at the outer end, while to 
the inner flange is bolted a galvanized blank 
flange which is drilled and tapped to screw over 
the entering pipe. The latter is screwed into 
place in the sleeve from outside of the wall 
and then caulked tightly within the sleeve by 
asphalt and oakum for a water-tight connection. 
The piping connections within the basement are 
then made directly from the end of the pipe 
which extends through the inside cap flange. 

A feature of the mechanical equipment of the 
building is the ventilation system which has been 
provided for the banking offices on the first and 
mezzanine floors and in the basement, and also 
for the machinery spaces in the sub-basement. 
Both fresh air supply and exhaust ventilation 
have been provided for in all rooms on these 
lower floor levels; the fresh air delivered is 
passed through an air-wash apparatus for clean- 
ing it of the dust and soot characteristic of the 
Pittsburg atmosphere. The fresh-air supply has 


been made practically independent of heating in_ 


the portions of the building served, it being the 
intention to merely raise the air to the desired 
interior temperature for delivery, while heating 
is provided for by direct radiation; the arrange- 


a three-quarter-housed blower, with top hori- 
zontal discharge casing, and is direct-connected 
to a 6 x g-in. horizontal simple steam engine, both 
having been built by the American Blower Co. 
The unit is designed to operate at 230 r.p.m, at 
which speed the fan has a delivery capacity of 
26,300 cu. ft. per minute. This fan outfit is 
located, together with its two sets of heating coils 
and the air-washing apparatus, in a small space 
20 x 25 ft. in extent between building columns 
and partitions, an arrangement having been 
developed as shown in the accompanying draw- 
ings of the fan room. The intake is through an 
air inlet monitor in the interior court above, 
which has a rectangular duct connection, 4% x 5 
ft. in cross sectional area, leading down to a 
cold-air chamber in the rear section of the fan- 
room. This chamber contains a small tempering 
coil for preheating air before it enters the spray 
chamber of the air-washing apparatus beyond, 
which consists of the usual arrangement of a 
spray chamber and baffle plates in the drying 
chamber, from the latter of which the air enters 
the fan. The fan has two delivery outlets, one 
a tempered air chamber and the other through a 
bank of reheater coils for the final increase in 
temperature, from each of which divisions there 
are connections in duplicate to each fresh-air 
delivery duct with mixing dampers for accurate 
proportionment of tempered and reheated air, and 
consequent adjustment of delivery temperatures. 
The arrangement of the apparatus is, as shown in 
the drawings, in two rows, with the air-washing 
apparatus at the rear and the fan with its engine 


_and the ducts and mixing dampers, to the front 


where most accessible. Considerable economy of 


